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PROTEASE INHIBITORS 

FIELD OF THE INVENTION 

This invention relates in general to hydrazidyl, bis-hydrazidyl and bis- 
5 aminomethyl carbonyl protease inhibitors, particularly such inhibitors of cysteine 
and serine proteases* more particularly compounds which inhibit cysteine proteases, 
even more particularly compounds which inhibit cysteine proteases of the papain 
superfamily, yet more particularly compounds which inhibit cysteine proteases of 
the cathepsin family, most particularly compounds which inhibit cathepsin K. Such 
10 compounds are particularly useful for treating diseases in which cysteine proteases 
are implicated, especially diseases of excessive bone or cartilage loss, e.g., 
osteoporosis, periodontitis, and arthritis. 

BACKGROUND OF THE INVENTION 

1 5 Cathepsins are a family of enzymes which are part of the papain superfamily 

of cysteine proteases. Cathepsins B, H, L, N and S have been described in the 
literature. Recently, cathepsin K polypeptide and the cDNA encoding such 
polypeptide were disclosed in U.S. Patent No. 5,501,969 (called cathepsin O 
therein). Cathepsin K has been recently expressed, purified, and characterized. 

20 Bossard, M. J., et al., (1996) 7. Biol Chem 271, 12517-12524; Drake, F.H., et al., 
(1996) 7. Biol Chem. 271, 1251 1-12516; Bromme, D., et al., (1996) 7. Biol Chem. 
271,2126-2132. 

Cathepsin K has been variously denoted as cathepsin O or cathepsin 02 in 
the literature. The designation cathepsin K is considered to be the more appropriate 
25 one. 

Cathepsins function in the normal physiological process of protein 
degradation in animals, including humans, e.g., in the degradation of connective 
tissue. However, elevated levels of these enzymes in the body can result in 
pathological conditions leading to disease. Thus, cathepsins have been implicated as 
30 causative agents in various disease states, including but not limited to, infections by 
Pneumocystis carinii, trypsanorna cruzi, trypsanoma brucei brucei, and Crithidia 
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ftisiculata; as well as in schistosomiasis, malaria, tumor metastasis, metachromatic 
leukodystrophy, muscular dystrophy, amytrophy, and the like. See International 
Publication Number WO 94/04172, published on March 3. 1994, and references 
cited therein. See also European Patent Application EP 0 603 873 Al , and 
5 references cited therein. Two bacterial cysteine proteases from P. gingivallis, called 
gingipains, have been implicated in the pathogenesis of gingivitis. Potempa, J., et 
al. (1994) Perspectives in Drug Discovery and Design, 2, 445-458. 

Cathepsin K is believed to play a causative role in diseases of excessive bone 
or cartilage loss. Bone is composed of a protein matrix in which spindle- or plate- 
10 shaped crystals of hydroxyapatite are incorporated. Type I collagen represents the 
major structural protein of bone comprising approximately 90% of the protein 
matrix. The remaining 10% of matrix is composed of a number of non-collagenous 
proteins, including osteocalcin, proteoglycans, osteopontin, osteonectin, 
thrombospondin, fibronectin, and bone sialoprotein. Skeletal bone undergoes 
15 remodelling at discrete foci throughout life. These foci, or remodelling units, 

undergo a cycle consisting of a bone resorption phase followed by a phase of bone 
replacement. 

Bone resorption is carried out by osteoclasts, which are multinuclear cells of 
hematopoietic lineage. The osteoclasts adhere to the bone surface and form a tight 
20 sealing zone, followed by extensive membrane ruffling on their apical (i.e. t 

resorbing) surface. This creates an enclosed extracellular compartment on the bone 
surface that is acidified by proton pumps in the ruffled membrane, and into which 
the osteoclast secretes proteolytic enzymes. The low pH of the compartment 
dissolves hydroxyapatite crystals at the bone surface, while the proteolytic enzymes 
25 digest the protein matrix. In this way, a resorption lacuna, or pit, is formed. At the 
end of this phase of the cycle, osteoblasts lay down a new protein matrix that is 
subsequently mineralized. In several disease states, such as osteoporosis and Paget's 
disease, the normal balance between bone resorption and formation is disrupted, and 
there is a net loss of bone at each cycle. Ultimately, this leads to weakening of the 
bone and may result in increased fracture risk with minimal trauma. 



30 
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Several published studies have demonstrated that inhibitors of cysteine 
proteases are effective at inhibiting osteoclast-mediated bone resorption, and 
indicate an essential role for a cysteine proteases in bone resorption. For example, 
Delaisse, et aL, Biochenu J., 1980, 192, 365, disclose a series of protease inhibitors 
5 in a mouse bone organ culture system and suggest that inhibitors of cysteine 

proteases (e.g., leupeptin, Z-Phe-Ala-CHN2) prevent bone resorption, while serine 
protease inhibitors were ineffective. Delaisse, et aL, Biochenu Biophys. Res. 
Commwu, 1984, 125, 441, disclose that E-64 and leupeptin are also effective at 
preventing bone resorption in vivo, as measured by acute changes in serum calcium 
10 in rats on calcium deficient diets. Lerner, et aL, /. Bone Min. Res., 1992, 7, 433, 
disclose that cystatin, an endogenous cysteine protease inhibitor, inhibits PTH 
stimulated bone resorption in mouse calvariae. Other studies, such as by Delaisse, 
et aL, Bone, 1987, *, 305, Hill, et aL, J. Cell Biochenu, 1994, 56, 1 18, and Everts, 
et aL, J. Cell. PhysioL, 1992, 150, 221, also report a correlation between inhibition 
15 of cysteine protease activity and bone resorption. Tezuka, et aL , 7. BioL Chenu, 
1994, 269, 1 106, Inaoka, et aL, Biochenu Biophys. Res. Common., 1995, 206, 89 
and Shi, et aL, FEBS Lett., 1995, 357, 129 disclose that under normal conditions 
cathepsin K, a cysteine protease, is abundantly expressed in osteoclasts and may be 
the major cysteine protease present in these cells. 
20 The abundant selective expression of cathepsin K in osteoclasts strongly 

suggests that this enzyme is essential for bone resorption. Thus, selective inhibition 
of cathepsin K may provide an effective treatment for diseases of excessive bone 
loss, including, but not limited to, osteoporosis, gingival diseases such as gingivitis 
and periodontitis, Paget's disease, hypercalcemia of malignancy, and metabolic bone 
25 disease. Cathepsin K levels have also been demonstrated to be elevated in 

chondroclasts of osteoarthritic synovium. Thus, selective inhibition of cathepsin K 
may also be useful for treating diseases of excessive cartilage or matrix degradation, 
including, but not limited to, osteoarthritis and rheumatoid arthritis. Metastatic 
neoplastic cells also typically express high levels of proteolytic enzymes that 
30 degrade the surrounding matrix. Thus, selective inhibition of cathepsin K may also 
be useful for treating certain neoplastic diseases. 

3 
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Several cysteine protease inhibitors are known. Palmer, (1995) /. Med 
Chem., 38, 3193, disclose certain vinyl sulfones which irreversibly inhibit cysteine 
proteases, such as the cathepsins B, L, S, 02 and cruzain. Other classes of 
compounds, such as aldehydes, nitriles, a-ketocarbonyl compounds, halomethyl 
5 ketones, diazomethyi ketones, (acyloxy)methyl ketones, ketomethylsulfonium salts 
and epoxy succinyl compounds have also been reported to inhibit cysteine proteases. 
See Palmer, id, and references cited therein. 

U.S. Patent No. 4,518.528 discloses peptidyl fluoromethyl ketones as 
irreversible inhibitors of cysteine protease. Published International Patent 
10 Application No. WO 94/04172, and European Patent Application Nos. EP 0 525 
420 Al, EP 0 603 873 Al, and EP 0 61 1 756 A2 describe alkoxymethyl and 
mercaptomethyl ketones which inhibit the cysteine proteases cathepsins B, H and L. 
International Patent Application No. PCT/US94/08868 and and European Patent 
Application No. EP 0 623 592 Al describe alkoxymethyl and mercaptomethyl 
15 ketones which inhibit the cysteine protease IL-10 convertase. Alkoxymethyl and 
mercaptomethyl ketones have also been described as inhibitors of the serine protease 
kininogenase (International Patent Application No. PCT/GB9 1/0 1479). 

Azapeptides which are designed to deliver the azaamino acid to the active 
site of serine proteases, and which possess a good leaving group, are disclosed by 
20 Elmore et al., Biochem. J., 1968, 107, 103, Garker et al, Biochem. /., 1974, 139, 
555, Gray etal. Tetrahedron, 1977, 33, 837, Gupton etal, J. Biol Chem., 1984, 
259, 4279, Powers el al, J. Biol Chem., 1984, 259, 4288. and are known to inhibit 
serine proteases. In addition, J. Med. Chem., 1992, 35, 4279, discloses certain 
azapeptide esters as cysteine protease inhibitors. 
25 Antipain and leupeptin are described as reversible inhibitors of cysteine 

protease in McConnell et al., J. Med. Chem., 33, 86; and also have been disclosed as 
inhibitors of serine protease in Umezawa et al., 45 Meth. Enzymol 678. E64 and its 
synthetic analogs are also well-known cysteine protease inhibitors (Barrett, 
Biochem. J., 20 J, 189, and Grinde, Biochem. Biophys. Acta, , 701, 328). 
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U.S. Patent No. 5,142,056 describes 1,3-diamido-propanones which inhibit 
HIV protease. 1 ,3-diamido-propanones have also been described as analgesic agents 
(U.S. Patent Nos.4,749 ,792 and 4,638,010). 

Certain heterocyclic derivatives of amino acids have been disclosed in the 
5 art. For instance, Hamada, et al , PEPTIDE CHEMISTRY, 1 983. Proceedings of the 
21st Symposium on Peptide Chemistry (1984), and Boden, etal, Tet. Lett., 1994, 
35, 8271 (1994) disclose thiazole derivatives; and Borg, et al. 9 1995, 60, 31 12, 
disclose oxadiazole and triazole derivatives. 

The synthesis of azatides (polyacylbydrazides) as peptide mimetics has 
10 recently been disclosed by Han and Janda, 7. Am. Cherru Soc. 1996, 118, 2539. 

Thus, a structurally diverse variety of cysteine protease inhibitors have been 
identified. However, these known inhibitors are not considered suitable for use as 
therapeutic agents in animals, especially humans, because they suffer from various 
shortcomings. These shortcomings include lack of selectivity, cytotoxicity, poor 
15 solubility, and overly rapid plasma clearance. A need therefore exists for methods 
of treating diseases caused by pathological levels of cysteine proteases, including 
cathepsins, especially cathepsin K, and for novel inhibitor compounds useful in such 
methods. 

We have now discovered a novel class of hydrazidyl, bis-hydrazidyl and bis- 
20 aminomethyl carbonyl compounds which are protease inhibitors, most particularly 
of cathepsin K. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide hydrazidyl, bis-hydrazidyl 
25 and bis-aminomethyl carbonyl protease inhibitors, particularly such inhibitors of 
cysteine and serine proteases, more particularly such compounds which inhibit 
cysteine proteases, even more particularly such compounds which inhibit cysteine 
proteases of the papain superfamily , yet more particularly such compounds which 
inhibit cysteine proteases of the cathepsin family, most particularly such compounds 
30 which inhibit cathepsin K, and which are useful for treating diseases which may be 
therapeutically modified by altering the activity of such proteases. 
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Accordingly, in the first aspect, this invention provides a compound 
according to Formula I. 

In another aspect, this invention provides a pharmaceutical composition 
comprising a compound according to Formula I and a pharmaceutical^ acceptable 
carrier, diluent or excipienL 

In yet another aspect, this invention provides a method of treating diseases i 
which the disease pathology may be therapeutically modified by inhibiting 
proteases, particularly cysteine and serine proteases, more particularly cysteine 
proteases, even more particularly cysteine proteases of the papain superfamily, yet 
more particularly cysteine proteases of the cathepsin family, most particularly 
cathepsin K. 

In a particular aspect, the compounds of this invention axe especially useful 
for treating diseases characterized by bone loss, such as osteoporosis and gingival 
diseases, such as gingivitis and periodontitis, or by excessive cartilage or matrix 
degradation, such as osteoarthritis and rheumatoid arthritis. 



DETAILED DESCRIPTION 

The present invention provides compounds of Formula I: 



O 

II 

0 — C — Q 



wherein: 



D = 




6 
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r 



A41 



R 51 
1 

A" 



R 64 



63 
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where: 




L = C 2 _6alkyl, Ar-Co^alkyl, Het-C 0 _ 6 alkyl, CH(R66)NR60 R 68 i 

CH(R66)Ar, CH(R66)OAr\ Nr66 r 67 ; 
M = C(0), SO2; 
G = 




X-Y 



J = QO),S02; 

T = Ar, Het; 

V = C3-7cycloalkyl; 

W = H, -CN. -CF 3 , -NO2, -COR?, -CO2R 6 , -CONHR6 

-SO2NHR6, -NHSO2R 6 , -NHCOR 7 , -O-COR6, -SR^ 
NR*r6 NR-(C=NH)NHR5 q, Br, I. F; 

X = Y = Z = N,O.SorCR4 
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provided that at least two of X, Y and Z are heteroatoms 
and at least one of X, Y and Z is N. or one of X, Y and Z is 
C=N, C=C or N=N and the other two are CR 4 or N, 
provided that X Y and Z together comprise at least two N; 

— indicates a single or double bond in the five-membered 

beterocycle; 

m = 0, 1,2; 

d = 1 to 6; 

4> = 0, 1,2; 

At = phenyl, naphthyl, optionally substituted by one or more of 

Ph-Co^alkyl, Het-Co^alkyl, C^galkoxy, Ph-Co^alkoxy. 

Het-Co^alkoxy, OH, (CH2)i^NR 58 R 59 , 

0(CH 2 )i^NR 58 R 59 ; 
At' = phenyl or naphthyl, optionally substituted by one or more of 

Ph-Co^alkyl. Het-Co^jalkyl, Ci^alkoxy, Ph-Co-galkoxy, 

Het-Co^alkoxy, OH, (CH2)i^NR 58 R 59 , 

CKCH2) i_6NR 58 R59 or halogen; 
R' = H, Ci-6alkyl, Ar-C^alkyl. Het-Co-galkyl; 
Rl = H,Ci-6alkyl; 
R 2 = C4-6aIkyI, C4-6alkenyl, benzyl; 

R 3 = Ci-6alkyl. Ar-Co^alkyl, Het-Co^alkyl, R5CO-, r5S02-, 

R 5 OC(0)-, R 5 NHCO-; 
R 4 = H. Ci-6alkyl, Ar-Co^alkyl, Het-C 0 _ 6 alkyl; 
R 5 = Ar-0-6alkyl, Het-Co^alkyl; 

R 6 = H, Ci-6alkyl, CH2CF3, Ar-Co^alkyl, Het-CQ-galkyl; 

R 7 = Ci-6alkyl, Ar-Co^alkyl, Het-Co^alkyl; 

R 8 = H; C2-6 alkenyl; C2-6alkynyl; Het; Ar, Ci-6alkyl, 

optionally substituted by OR', SR. NR*2. CO2R', 

CO2NR 2. N(C=NH)NH 2 , Het or Ar; 
R 9 = H, Ci-6alkyl, Ar-C 0 . 6 alkyl, Het-Co-galkyl; 
R 10 = Ci-6aUcyl, Ar-Co_ 6 alkyl, Het-Co_ 6 alkyI; 
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R 1 1 = H, Cl^alkyl, Ar-Ci^alkyl, Het-CQ-galkyl, or 
R 16 

R ,7 R 9 -N^ . 
R 12 = H, Cj^alkyl, Ar-Co^alkyl, Het-Co^alkyl; 
R 13 = H, C 1 _ 6 alkyl, Ar-Co^alkyl, Het-Co^alkyl; 
R" 

R 14 = ^n-R 9 R- Ac; 

Rl5 = H, C 1 _6alkyl, C 2 _$alkenyl, C 2 ^alkynyl, Ar, Het, or 

Ci.galkyl optionally substituted by OR 9 , NR 9 2 , 

CONR 9 2 , N(C=NH)NH-, Het or Ar, 
R 16 = C 2 ^alkyl, C^alkenyl, C 2 ^alkynyl, Ar. Het, or C 2 ^alkyl 

optionally substituted by OR 9 , SR 9 NR 9 2 , CX^R 9 

CONR 9 2 , N(C=NH)NH-, Het or Ar, 
R 19 = H, C^galkyl, C 2 ^alkenyl, C 2 ^alkynyl, Ar, Het, or Ci_ 
galkyl optionally substituted by OR 9 , SR 9 , NR 9 2 , CC^R 9 , 
CONR 9 2 , N(C=NH)NH-, Het or Ar, 

R 17 = R 72 = h, Ci^alkyl, RlO, r10 C (OK R 10 C(S)-, Rl0oC(O)-; 

R21 = r26 = C5-6alkyl; C 2 -6alkenyl; C3-I lcycloalkyl; T-C3. 
6alkyl; V-Ci^alkyl; T-C 2 -6alkenyl; 
T- (CH2)nCH(T)(CH2)n ; optionally substituted by one or 
two halogens, SR20 OR20nr20r27 or Ci^alkyl; 

R 27 = R 28co,R28oCO, 

R 28 = Ci^alkyl; C3- l lcycloalkyl; Ar, Het; T-Ci-tfalkyl; 

T-(CH2)nCHa)(CH 2 ) n ; optionally substituted by one or 
two halogens, SR 2 <>, OR 20 , NR20r*73 Ci-6alkyl; 

R 2 © = R22 = R 23 = R 24 = R 25 = R 73 = h, C^alkyl. Ar-Co. 
6alkyUHet-Co. 6 alkyl; 
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R29 = 




Cbz-leucinyl-; 2-, 3-, or 4-pyridyl mcthyloxycarbonyl- 
leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl- 
Ieucinyl, N,N-diniethyl-glyrinyl leucinyl, 4-pyridyl acetyl- 
leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl- 
leucinyl, acetyl-leucinyU benzoyl-leucinyl, 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyK biphenyl acetyl, 

11 
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alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl. Cbz- 
norieucinyl-, Cbz-norvalinyl-. Cbz-glutamyl-, Cbz-epsilon- 
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-3-. or 4- pyridylmemyloxycarbonyl- 
aminoacid-; aryl CQ-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl Co-C 6 alkyloxy carbonyl-amino acid-, 
ar y J Co-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl Co-C 6 alkyloxy carbonyl-amino acid-, Ci - 
Cgalkyloxy carbonyl-amino acid-; C.-Cfialkyl carbonyl, aryl 
Co-Cealkyl carbonyl, heteroaryl Co-C 6 alkyl carbonyl, 

aryl Co-C 6 alkyl carbonyl. heteroaryl Co-C 6 alkyl carbonyl. 

Cj-Cealkyl sulfonyl. aryl Co-C 6 alkyl sulfonyl. heteroaryl 

Co-Cgalkyl sulfonyl, aryl Co-C 6 alkyl sulfonyl, heteroaryl 

Co-Cgalkyl sulfonyl; 



-H,Ci- 6 alkyl; 
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R31 = 




Cbz-leucinyl-; 2-, 3-, or 4-pyridyl methyloxycarbonyl- 
leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl- 
leucinyU N J^-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl- 
leucinyl, 2-pyridyl sulfonyl-Ieucinyl, 4-pyridyl carbonyl- 
leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy- 
benzoyK 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 
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alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz- 
norleucinyl-, Cbz-norvalinyl-, Cbz-glutarayl-, Cbz-epsilon- 
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl- 
aminoacid-; aryl Q)-C6alkyloxy carbonyl-amino acid-, 
heteroaryl Crj-Cgalkyloxy carbonyl-amino acid-, 
aryl CQ-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl Co-Cgalkyloxy carbonyl-amino acid-, Ci- 
Cgalkyloxy carbonyl-amino acid-; Cj-Cgalkyl carbonyl, aryl 
Co-Cgalkyl carbonyl, heteroaryl CQ-Cgalkyl carbonyl, 
aryl CQ-Cgalkyl carbonyl, heteroaryl C 0 -C 6 alkyl carbonyl, 
C|-C6alkyl sulfonyl, aryl CQ-Cealkyl sulfonyl, heteroaryl 
Co-C 6 alkyl sulfonyl, aryl CQ-Cgalkyl sulfonyl, heteroaryl 
Co-Cgalkyl sulfonyl; 

R 32 = OCH 2 Ar, OCH2Ci_ 6 alkyl, aryl substituted C()-6alkyl, 

heteroaryl substituted Co-6alkyl,4-imidazole methylene; 2-, 
3-, or 4-pyridylmethylneneoxy; 4-pyridyl methylene, 2- 
pyridyl sulfonyl, 4-pyridyl, aryl substituted Co- 6 alkyloxy, 
heteroaryl substituted CQ-galkyloxy; 

R 33 = Ci- 6 alkyl, -CH 2 Ph, -CH 2 CH 2 C02R 34 ; 

R 34 = -H,C 1 - 6 alkyl; 

R 35 = Ar, HetAr; 

R = Aryl, heteroaryl, pyridyl, isoquinolinyl; 
R 37 = Cj-ealkyl, -CH 2 Ph, -Cr^O^COjR 3 * 
R 38 = Cbz; Ci- 6 alkyl or aryl substituted 
Cbz; Ci-galkyl -CO; benzoyl; Ci-salkyl or aryl 
substituted benzoyl; 
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R39 = 




Cbz-leucinyl-; 2-, 3-, or 4-pyridyl methyloxycarbonyl- 
leucinyl-; 4-imidazoIe acetyl-leucinyl-, phenyl acetyl- 
leucinyU N,N-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl- 
leucinyl, 2-pyridyI sulfonyl-leucinyl, 4-pyridyl caibonyl- 
leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 

15 



alpha- isobutyl-biphenyi acetyl, Cbz-phenylalaninyl, Cbz- 
norleucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-cpsilon- 
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyi acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-3-, or 4- pyridylrnethyloxycarbonyl- 
aminoacid-; aryl CQ-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl Co-Cgalkyloxy carbonyl-amino acid-, 
aryl Co-Cgalkyloxy carbonyl-amino acid-Jjeteroaryl 
Co-Cgalkyloxy carbonyl-amino acid-, Ci^alkyloxy 
carbonyl-amino acid-; C \ -Cgalkyl carbonyl, aryl 
CQ-Cgalkyl carbonyl, heteroaryl CQ-Cgalkyl carbonyl, 
aryl CQ-Cgalkyl carbonyl, heteroaryl CQ-Cgalkyl carbonyl, 
Ci-Cgalkyl sulfonyl, aryl CQ-Cgalkyl sulfonyl, heteroaryl 
CQ-Cgalkyl sulfonyl, aryl Co-Cgalkyl sulfonyl, heteroaryl 
Co-Cgalkyl sulfonyl; 

R 40 =HandC 1 - 6 alkyl; 

R 41 = H and Ci-galkyl; 

R 42 = Cj-galkyl, aryl substituted Ci- 6 alkyl and hetero aryl 
substituted Cj^alkyl,; H when R 43 is Ci-galkyl, aryl substituted 
Cj-galkyl; and heteroaryl substituted Ci-galkyl; 
r43 = Ci-galkyI, aryl substituted Cj-galkyl and hetero aryl 
substituted Ci- 6 alkyl,; H when R 42 is Ci- 6 alkyl, aryl substituted 
Cj-galkyl; and heteroaryl substituted Cj-galkyl; 
R 44 = CH(R53 )N r45 R 54 CH(R55)Ar, Cs.oalkyl; 
R 4 5 = R46 = R 47 = R 48 = R 49 = R 50 = R 51 = H> c^alkyl, 
Ar-Co-galkyl, Het-Co^alkyl; 

R52 = Ar, Het, CH(R56)Ar, CH(R56)OAr, N(R56 )Ar , C^alkyl, 
CH(R56)N R 46 R 57 ; 
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R 53 and R 45 may be connected to form a pyrrolidine or 
piperidine ring; 
R 54 = R 57 = R 47 r47 C(0 ), r47qs), R4 7 OC(0); 
5 R 55 = R 56 = R 58 = R 59 = H, Ci^alkyl, AH^alkyl, Het-Co_ 

6attyi; 

r60 = r61 = r62 = R 63 = r64 = H> Ci^alkyl, 

Ar-Co^alkyl, or Het^galkyl; 
R 65 = Ci^alkyl, Ar, Het, CH(R69)Ar, CH(R69)OAt, N(R*9)Ar, 
10 CH(R69)NR 61 R 70 ; 

= R W = R 71 = H, Ci^alkyl, (CH2)o-6-C3^cycloalkyl, 
Ar-Co^alkyl, Het-C(>^alkyl; 
R 67 = Cj^alkyl, (CH 2 )(>^-C3-6cycloalkyl, Ar-CQ.galkyl, 

Het-Co-galkyl; R 66 and R 67 may be combined to form 
15 a 3-7 membered monocyclic or 7-10-membered bicyclic 

carbocyclic or heterocyclic ring, optionally substituted with 
1-4 of Cj.galkyl, Ph-Co^alkyl, Het-C 0 _ 6 alkyl, C^galkoxy, 
Ph-Co. 6 alkoxy, Het-C 0 _ 6 alkoxy, OH, (CH 2 )l-6NR 58 R 59 . 
0(CH2)i^NR 58 R 5 9; 
20 R^8 = R70 = R 62, r62c(0), r62c(S), R 62 OC(0), 

R 62 OC(0)NR 5 9CH(R 71 )(CO); 
and pharmaceutically acceptable salts thereof. 

The compounds of Formula I are hydrazidyl, bis-hydrazidyl and bis- 
aminomethyl carbonyl compounds having in common key structural features 
25 required of protease substrates, most particularly cathepsin K substrates. These 
structural features endow the present compounds with the appropriate molecular 
shape necessary to fit into the enzymatic active site, to bind to such active site, and 
to react with a sulfhydryl group on the active site, thereby blocking the site and 
inhibiting enzymatic biological activity. Referring to Formula I, such structural 
30 features include the central electrophilic carbonyl, a peptidyl or peptidomimetic 
molecular backbone on either side of the central carbonyl, a ter minal 
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10 



20 



carbobenzyloxy moiety (e.g., Cbz-leucinyl), or a mimic thereof, on the backbone on 
one or both sides of the carbonyl. and optionally, an isobutyl side chain extending 
from the backbone on one or both sides of the carbonyl. 



R 

3 I 



Compounds of Formula I wherein D = " and Q = 

R 1 

are preferred ernbodiments of the present invention. For the 
sake of convenience, such compounds are referred to herein after as compounds of 
Formula n. 

More preferred embodiments of the present invention include compounds of 
Formula II wherein: 



X=S.Y=CH,andZ=N; 
X=CH. Y=S, and Z=N; 
X=N, Y=N, and Z=S; 
15 X=N, Y=N, and Z=0; and 

X=N, Y=N, andZ=N. 



Preferably Rl is H, methyl or isobutyl. Preferably Rl is isobutyl. 
Preferably R 2 is isobutyl or benzyl. 

Preferably R3 is R5oC(OK particulariy benzyloxycarbonyl. 

Preferably A is a D- or L- amino acid or is absent, preferably A is absent. 

Preferably W is CN, NHR6 S r6 CONHR* or 0^6. Suitably R6 is H , 
CMalkyl. phenyl or benzyl. Typically, W is CC^H CO^alkyl, CC^-Ph. CO.- 
CH 2 Ph, CONH 2 . NH 2 or SH. 
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luiiuwiug wi/uipuuuud ui ruiuiuia 11 aic particularly prcicrrcu: 
(2S ,1 'S)-2Kbenzyloxycarbonyl)amino-N-[ 1 -(Z-carboxythiazol-^yO-S- 
methylbutyl]-4-methylpentanamide; 

(2S, 1 'SJ^-CbcnzyloxycarbonyOamino-N-f 1 H2K^rboxamidothiazol-4-yI)-3 , « 
5 methylbutyl]-4-methylpentanamide; 

(2S, 1 *S)-2-(benzy loxycarbonyI)amino-N-[ I , -(2-carboethoxythia2ol-4•yl)•3 , - 
methylbutyl]-4-mcthylpentanainide; 

(2S, 1 f S)-2-(benzyloxycarbonyl)amino-N-[l ^-cyanothiazol-^yD-S-methylbutyl]- 
4-methylpentanamide; 
10 (2S, I , S)-2-(benzyloxycarbonyl)amiiio-N-[ 1 , -[2^N , -benzylcarboxamido)ihiazol-4- 
yllO-methylbutylJ-^mcthylpentanamide; 
(2S, 1 ^-(benzyloxycaibonyl)^^ 
methylpiopyI)cart>ox^ 

(2S J'S)-2^n2yloxycart)onyi)amino.N-[ r-[2-[NX2- 
15 phenylethy])carboxam^ 

(2S f 1 % S)-2-Q)enzyloxycaibonyl)axnmo-N-[l ^4K^^boethoxythiazo]-2-yl>"3 , - 
metbylbutyl]-4-methylpcnlanamide; 

(2S, 1 'S)-2-(bcnzyloxycart)onyl)amino-N-[ 1 -(4-carboxythiazol-2-yl)-3 - 
methylbutyI]-4-mcthylpentanamide; 
20 (2S, I f S)-2^nzyloxycari)oayI)amino-N-[ 1 M^-carbocthoxythiadiazol^-yl^S- 
methylbutyI]-4-mcthylpcntanamide; 

(2S,1 , S)-2-(benzyloxycarbonyl)amino-N-[ 1 , ^2^arbo-2 t 2 t 2-trifluoroethoxythiazol- 
^ylJ-S-mcthylbutyll-^methylpentananiide; 
(2SJ'S)-2-(benzyloxycarbonyl) 
25 methylbutyl]-4-methylpentanamide; 

(2S, 1 , S)-2-(bcnzyloxycarbonyl-I^leucinyl)amino-N-[ 1 '-(4-carboethoxythiazoI-2-yI)- 
3-methyIbutyl]-4-incthylpcntanainide; 

(2S f rS)-2-(benzyloxycarbonyI)amino-N-[ 1 , -(4-carboxaniidooxadiazol-2-yl)-3 - 
mcthylbutyI]-4-methyIpentanamide; 
30 (2S, 1 'SJ^-CbcnzyloxycartwnyOamino-N-t 1 42^art>oethoxythiazoM-yl)-3'- 
methylbutyI]-3-phenylpn>panamide; 
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(2S. 1 , S)-2-(benzyloxycartM)nyl-L-leucinyl)ainino-N^ 1 ^2-carboetboxy thiazol-4-y 1)- 
3-methylbutyl]-4-methylpcntanamidc; 

(2S, I 'S)-2-(bcnzyloxycaibonyl)ainino-N-[l 'KS-mcrcapto- 1 > 2,4K)xaciiazo^3-yl)-3 , - 
methylbutyI]-4-methylpcnlanamide; 

(2S, 1 'S)-2-(bei^loxycarbonyl)amino-N-[ 1 , -(2-mercaptothiazol^yl)-3'- 
mcthyIbutyl]-4-methylpentanamidc; 

(2S>2-(benzyIoxycarbonyl)amino-N^4-carboethox^ 
methylpcntanamidc; 

(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 ^^nzyloxycarbonylthiazol-^yl)^- 
methylbutyl]^4-methylpentanamide; 

(2S t 1 , S)-2<benzyloxycarbonyl)amin(>^mc%l-N-[3 , -methyl- 1 -(2- 

phcnoxycarbonylthiaxol-4-yl)butylJpcntanaxnide; 

(2S, 1 'S)-2Kbcnzyloxycarbony])amino^meihyl-N-[3 -methyl^ 1 % -[2-(2- 

methylpropyloxycarbonyO 

(2IU'S)-2^nzyloxyrarbonyl)ai^ 

methylpentanamide; 

(2R, l f R).2-(bcnzyloxycailx>nyl)amino-N^ 
methylpentanamide; and 
(2SJ'S)-N-[lX2-ammoto^ 
4-methylpentanamide. 

Most particularly preferred compounds of Formula n are: 
^JS^^nzyloxycarbonyOami^ 
methylbutyI]-4-methylpentanainide; 

(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 , -(4-carboethoxythia20^2-yl)-3 , - 
methylbutyl]-4-methylpentanamide; and 

2SJ , S)-2>(benzyloxycarbonyl-I^leucinyl)amino-N-[ 1 H4-carboethoxythiazol-2-yl)- 
3-methylbutyI]^-methylpentanamide. 
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I II 

C. Rl4 



dUd i 

Compounds of Formula I wherein D = and Q = H 



13 



are preferred embodiments of the present invention. For the sake of convenience, 
such compounds are referred to herein after as compounds of Formula HI. 

With respect to compounds of Formula m: 
Preferably B is 

yV. 

O t-Bu 

More preferably B is \\ It , \\ # or Y T . 

N — ' ' — N O f-Bu 



Preferably Rl 1 is R ,7 R 9 — 
10 Preferably R 12 and R 13 are H. 



R t9 



Preferably Rl4 i s -""^N-rV 2 . 

Preferably R*5, r16, r 18 ^ R 19 ^ Ci-6alkyl. 

More preferably R 15 and R 18 are C4^alkyl. 

Preferably Ar is phenyl optionally substituted by one or two groups chosen from 
15 halogen, CF 3 , N0 2 , SR 9 , OR 9 , NR 9 or Ci^alkyl. 

Preferably R 17 and R 72 are R 1( >OC(0)-; and more preferably R 10 is Ar-Ci^alkyl. 
Preferably, R 16 and R 19 are C4-6alkyl; more preferably, R 16 and R 19 are i-Bu. 
Preferably R 17 and R 72 are Cbz. 
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One particular embodiment of the invention of Formula 10 is a compound of 
Formula F: 

R 16 O R 1 * 




F 

5 wherein X t Y, Z, R^6 R 17 r 19 and R?2 are as described in Formula m. 
Most particularly preferred compounds of Formula HI are: 
(lS)-N-[4-[(l-benzyIoxycar^^ 
(N-benzyloxycarbonyl-L-leucinyl)hydrazide; 

N-benzyloxycarbonyl-l^leucinyl-^-benzyloxycarbony 
10 leucinylhydrazide; and 

(lS)-N-[2-[(l-benzyloxycarbonylam 
(N-benzyloxyaubonyl-L-leucinyl)hydrazide. 



R 22 

Compounds of Formula I wherein D= 0 " andQ = 
R 25 

n O 

15 w are preferred embodiments of the present invention. For the sake 

of convenience, such compounds are referred to herein after as compounds of 
Formula IV. 

A more preferred embodiment of the present invention is a compound of 
Formula IV wherein R 21 and R 26 are selected from the group consisting of: 
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N-Cbz-leucinyl, N-Cbz-glycinyl, N-acetyMeucinyl, N-Cbz-alanyl, 

» * » 

and R 22 R 23 , R 24 and R 25 are H. 
5 Particularly preferred embodiments of Formula IV are: 

2£'-(Njy-bis-benzyloxy(ttrbonyl-L-leuc^ 
Z^-CNJ^-bis-cyclohexylacetylJcaibohydrazide; 
2^-(NJ^-bis^methylpentanoyl)carbohydrazide; 
2^'<NJ^'-bis^clopentylacetyl)carbohydrazide; 
1 0 2^ , ^^ , -bis-benzyloxycarbonylglycinyl)carbohydrazi 
2^ , -(NJ^I , -bis-acetyI-Weucinyl)carbohydrazide; 
2 T 2-(N^-bis-benzyloxycai^nyl-L-alanyI)carbohydrazide; and 
2^-benzyloxycarbonyl-l^leucmyO^^ 

15 2,2'-(N^ , -bis-benzyloxycaifconyl-L-leuc^^ is a 

most preferred embodiment of Formula IV. 

R 30 

Compounds of Formula I wherein D = ^ and Q = H 
are preferred embodiments of the present invention. For the sake of convenience, 
20 such compounds are referred to herein after as compounds of Formula V. 

In more preferred compounds of Formula V, when R 3( *=Ci-C6 alkyl, R30 & 
preferably Me or -Ct^O^Me^ When R 33 =Ci-C$ alkyl, R 33 ^ preferably -Pr, - 
Bu, or -CH 2 CH 2 Me 2 . R^^-Cg alkyl, R 34 is preferably -r-Bu. 

Even more preferred embodiments of Formula V include: 

25 

bis-(Cbz-leucinyl)- 1 ,3-diamino-propan-2-one; 

bis- 1 3-(4-phenoxy-benzoyl)-diamino-propan-2-one; 
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HCbz-Ieucinyl)-amino0^acetyI-leuc^ 

HCbz-leucinyI).amino-3-(Cbz-glutamyM-butyI ester)-amino-propan-2-one; 
l-(Cbz-leucinyI)-amino^-(^ 

bis- 1 3-(Cbz-leucinyl)-diainino-(S>butanone-2-one; 
5 1 ^Cbz-leucinyl)-amino-3-(Cbz-pte 
1 -(Cb2-leucinyl)-ainin^ 

l^Cbz-lcucinyl)-amino-3-(Cbz-norvalinyI)-amino-propan-2^ne^ 
bis- 1 3-(Cbz-Ieucinyl)-diamino-5-iMthyl-(S)-hexan-2-onc; 
Hacetyl-leucinyl)-anM^ 
l-(Cbz-homo-leucinyl)-aminoKCbz-leucinyl)-^ 

HCto-leucinyl)-amino-3^ac^^ is a most 

particularly preferred embodiment of the present invention of Formula V. 



Compounds of Formula I wherein D = ° and 

15 Q= HO are preferred embodiments of the present 

invention. For the sake of convenience, such compounds arc referred to herein after 
as compounds of Formula VI. 




ci 

More preferably, R35 =Ph, CN or pyridinet even mOK p^f^^ R 35 




-Ph, . Ph may be optionally substituted with Ci^alkyl, Ci^alkoxy, 

20 halogens and cyano groups. When R35 = pyridine, R may be 2-pyridyl, 3-pyridyl, 
or 4-pyridyl. 
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Most particularly preferred embodiments of Formula VI include: 
bis-1 ,3-(4-(3-chloro-2-cyano-phenoxy)-phenyl sulfonarnido)-propan-2-one; 



5 bis- 1 ,3-(4-phenoxy-phenyl sulfonamido)-propan-2-one. 



Ol 



Compounds of Formula I wherein D - 
H 



A H » 

and Q= ° are preferred 

embodiments of the present invention. For the sake of convenience, such 

10 compounds are referred to herein after as compounds of Formula VII. 

More preferably, i s selected from the group consisting of: 

^' ; and R 37 = Me in the more preferred compounds of 

15 Formula VII. 

Particularly preferred embodiments of Formula VII are: 

1 -(Cbz-Ieucinyl)-amino-3-(4-(3-chloro-2-cyanchphenoxy)-phenyl sulfonamido)- 
propan-2-one; 

20 1 -(Cbz-leuciny 1)- amino-3-(tosy l-amino)-propan-2-one; 
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HCbz-JeucinyO-amino-a-Ct^phenoxy-phenylJ-sulfonamido^propan^-one; 
HO)z-leucinyl)-amino-3-(2^benzofuransuIfonamido)-propaii-2-one; 
HCbz-homo4eucmyl)-ammo^2Kubeiizor^ 
HCbz-leutinyl)-anuno-3^2Kubenzofu^ 

5 

HO>z-ieucmyl)-anunoOK(4-phero 
KCbz-leucmyl)-amm<>-3^2^beiizofu^ and l-(Cbz- 

leucinyl)-amino-3^2^bcnzofiu^nsulfonamido)-(S)-butan-2-one are most 
particularly preferred embodiments of Formula VD. 



10 




Compounds of Formula I wherein D = 0 andQ= 

R 42 
I 

R 41 

are preferred embodiments of the present invention. For the sake of 
convenience, such compounds are referred to herein after as compounds of Formula 

vm. 

1 5 A more preferred embodiment of Formula Vm is when R 4 3 is 2- 

dibenzofuranylsulfonyl. 

Particularly preferred embodiments of Formula VIE are: 

(S^Phenylmethyl[l-[[[3-n)eiizyloxycarbonyl-leucmyl-am^ 
20 (berayl)arnmo]carbonyl]-3-rre^ 

(S)-Phenylmethyl ll-[[[3-[(2Kubenzoruranylsulfonyl)anuno]-2-oxopropylJ-3- 
(oeiizyl)ammo]carbonylJ-3-methylbutyl]carbamate 
(SVPhenylmemyl[l-[[[3-[(2^benzoniranylsulfonyl)anim 
pyrimnylmemyl)anuno]carbonyl]-3-memylbutyl]caroamate 
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1 -[[[3-[(2-dibeiuofiii^ylsuIfonyO 
benzamide 

(S)-Phenylmethyl [l-[[[3-[(2^benzofuranylsulfonyl)ai^ 
pyridfoylmethyI)amino]carbonyl^ 
5 (S)-Phenylmethyl [ 1 -[[[3-[(2nlibcnzofuranylsulfonyl)anuno]-2-oxopn)pyl> 

K4-pyridinylmethyl)aminoJcarix)nyI3-3-im is a most 

particularly preferred embodiment of Formula VIE. 



10 



R 48 



Compounds of Formula I wherein D = O R andQ= 
R 51 

\ N ^N^ J ^R 52 
'so 

are preferred embodiments of the present invention. For the sake 
of convenience, such compounds are referred to herein after as compounds of 
Formula DC. 

15 Compounds of Formula IX wherein: 

r44 = cH(R53)NHR54; 
R 4 * R46, r48 r 49 r 50 and r51 are H; 

R 47 is independently CH3, benzyl, 2-pyridinylmethoxy, 4-dimemylaminobenzyl; 
J = C(0); 

20 R52 = at, CH(RlO)Ar, CH(Rl0)OAr, N(RlO)Ar, CH(R10)NR"R1 1; 
R 53 = ethyl, i-Bu; 
R 54 = R 47 r47 C(0)> R 47oc(0); 

R 56 = H,CH 3 , i-Bu; 
R57 = r47. r47qc(0); 

25 Ar = phenyl or naphthyl, optionally substituted by one or more of Ph-Co_$alkyl, 
Het-Co^alkyl, Ci^alkoxy, Ph-Co_ D alkoxy, Het-CQ^alkoxy, OH, (CH2>i. 
6NR 58 R59 0(CH 2 )i-6NR 58 R 59 ; 
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R 5 * R 5 ^ = H, C^ealkyl, Ar-Co_ 6 alkyl; Het^galkyl, 
are more preferred embodiments of the present invention. 

The following compounds of Formula IX are particularly preferred: 
2-[N^N4)enzyloxycarbonyl-L-leucinyl)]-2 , -[N , -(4- 
phenoxyphenylsulfonyl)Jcarbohydrazide; 
2-[N^4>enzyloxycarbonyl-^^ 
leucinyl)]carbohydrazide; 
2-[N^-benzyloxyc*rbony^ 
2-[N-(N-benzyIoxycarbonyl-L-leucinyl)].2 , .[N'-<4- 
methoxybenzoyl)]carbohydrazide; 
2-[N-(N^nzyloxycarbony^ 
phenoxybenzoyOJcarbohydrazide; 
2^-acetyl)-2 , -[NXN-benzylox^ 
2-[N-(N-acetyl-L4euc^ 
alanyl)]carbohydrazide; 
2-[N^-acetyl-l^alanyl)]^ 
leucinyl)]carbohydrazide; 

2.[NKN^nzyloxycarbonyl-L4eucinyI)l-2 , -[N'-[4-(NJ4- 

dimethylaminomethyl)benzoy])]]carbohydrazide; 

2-[N-(N-benzyloxycarbonyli-leuci^^^ 

morpholinomethyl)]]benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl^^ 

dinM%laminomethyl)benzyloxy]^^ 

2KN-benroyl)-2 , -[hr-(N^ 

2-[N-(N-benzyloxycarbonyl^^^ 

morpholinomethyl)benzoyl]]carix>hydrazide; 

2-[N-(3-benzyloxybenzoyl)]-2'-[^^ 

leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-W^ 

propyloxy]benzoyl]]carbohydrazide; 
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2-[N^2-benzyloxybenzoyl)]-2 , -[N , -(N-bcnzy]oxycarbonyl-L- 
leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyI-L-leucinyl)]-2'-[N-[3-(4- 
pyridylmcthoxy)bcnzoyl]]carbohydrazide; 
5 2-[N^4-benzyloxybenzoyl)^ 
leucinyl)]cart>ohydrazide; 

2-[N^N4)enzyloxycarbonyl-L-lcucinyl)]-2 , -[N , -(3-benzyloxy-5- 

methoxy)benzoyl]carbohydrazide; 

2-[N-(N^nzyloxycarbonyl4--leuc^ 
10 dimethoxy)benzoyl]carbohydrazide; 

2-p^<N-benzyloxycarbonyl-L-leucinyl)]-2-[hT^3-benzyloxy-5- 

ethoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonylglycinyl)]^ 

leucinyl)]caibohydrazide; 
1 5 2-tN-(3-bcnzyloxybcnzoyI)]-2 , -[N , KN-bcnzyloxycarbonyl-L- 

prolinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2 , -[N 1 -(4- 

phenylphenylacetyl)]carbohydrazide; 

(2 , S)-2-[N^3-bcnzyloxybenzoyl)]-2 , -[N , -(N-beazy 
20 aminobutyiyl)]carbohydiazide; 

2^'-[NJ^-[bis<4~pbenylphenyl^ 

(2TlS)-2-[N-(N^nzyloxycar^^ 

phcnylphenoxy)propionyl]carbohydrazide; 

2-[N-(3-benzyIoxybcnzoyl)]-2'-[NX^ 
25 (2RS, 2'RS W-tNJ^'-tbis-p^phenylphcnylH- 

methylpentanoyl)]]]carfoohydrazide; 

(2T*S)-2-[N-(N-benzyloxycarto^ 

methyIpentanoyl)]]carbohydrazide; 

(JRSJ^-INKS-bcnzyloxybcnzoyl)]- 2 , -[N , -[2-(4-phenylphenyl)-4- 
30 methylpentanoyl)]]carbohydrazide; 



29 



WO 97/16433 



PCT/US9d/18000 



2-[N-(3-tenzyloxybenzoyl^ 

leucinyl)]carbohydrazide; 

2-[N-(3-benzyloxybenzoy^ 

lcucinyl]]carbohydrazide; 

2-[N-[3-(4.pyridylmetto^ 

leucinyl]]carbohydrazide; 

(2RS)-2-[N-[2-(4-phenylphenyl)^^ 

pyridinyImethoxycarbonyl)-L-lcucinyl]Jcartx)hydrazi 

2-[N-(N-benzyloxyoirbonyI-L-leuc^ 

metbylpentanoyl)]]carbohydrazide; 

2-IN^-bcnzyloxycaiix)nyl-L-leucinyl)]-2 , -tN , -p^ 

methylpcntanoyl)]]carbohydrazide; 

2-[NKN^nzyloxycarbonyU^^ 

mcthylpropyl)carbamoyl]Jcarbohydraride; 

2-[N-(3-benzyIoxybenzoyl)J-2'-^^ 

2-[N-(N-benzyloxycarbonyM^^^ 

Ieucinyl)]carbohydrazide. 



arc preferred embodiments of the present invention. For the sake of convenience, 
such compounds are referred to herein after as compounds of Formula X. 

With respect to Formula X: 

More preferably G is 



Compounds of Formula I wherein D = ^ ® and Q= ^ 




,65 




or 
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More preferably R 63 and R 64 are Hand R 66 and R 69 are i-butyl. 
More preferably R^5 j s CH(R 69 )NR6lR70 t in w hi c h R69 i s j-buryl and R^l 
is H. More preferably R 70 is R^2oC(0), in which R 62 is 



5 




Alternately, R 65 is Ar or CH(R°^)Ar , in which Ar in said R 65 group is 




or 



More preferably, L is 
CH(r66)Nr60r68 CH(R66 )Ar> NR66R67, CH(R66)OAr\ Ar. or Het, in which 
R*>6 is i-butyl and Ar in said L group is 
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O0 -v^o^jQ 

„ XX 



or Het in said L group is 



10 



15 




More preferably L is NR^R 67 or CH(R66)r60r68 

One particularly preferred embodiment is a compound of Formula G: 



R 66 H H 

Ar x— y r» 



,70 



X— Y O 
G 

Another particularly preferred embodiment is a compound of Formula H: 



\ 




X— Y 
H 



The following compounds of Formula X are most particularly preferred: 
(lS)-N-[2-[(l-benzyloxy<arrxmylain^ 
20 ylcarbonyll-N'-C^phenoxyphenylsulfonyOhydrazide; 
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( 1 S)-N-[4-[ 1 -(N-benzyloxycarbonyl-L-1^ 
methylbutyl]thiazoI-2-ylc^nyl]-N-(N-benzyloxy 

( 1 S)-N- [2-[( 1 -bcnzyloxycarbonylamino)-3-methylbutyI]thiazoI-4- 
ylcarbony^-NX^-phcnylphcnylacctyOhydrazidc; 
5 (lS)-N-[2-[(l-benzyloxyca^ 
ylcart>onyI]-N43-(4-p^^ 

N-[2^2^hlojophenoxyme^ 
pyridinylmethoxycarbony^ 

N-[N^4^ridmylmetooxyca^ 1 ,23-thiadiazol- 

1 0 4-yl)phenyl]thiazol-4-y lcarbonyl]hydrazidc; 

N-[2-[3<4^hlorophcnylsulfonylmethyl)thicn-2-yl) 
[N^4-pyridinylmethoxycarto^ 

(lS£T*S)-N-[2-[(l-benzyloxycar^^ 
ylcarbonylJ-N'-PX^ 

N-[2^3-benzy]oxyphenyl)th^ 
pyridinylmcthoxycarbonyI)-I^leucinyl]hydrazidc; 

( lRS)-N-[2-[ M4-phenylphenyI)0-m^ 
(4-pyridinylmethoxycaibonyl)-L-leucinyI]hydrazide; 

N-[2K2^nzyloxyphcnyl)thiazol^ylcarbonyl]-N , -[N-(4- 
pyridinylmethoxycarbonyl>-L-]eucinyl]hydrazide; 

N42-[N-methyI-N^4-phe^ 
pyTidinylmethoxycaibonyI)-I^leucinyI]hydrazide; 

N-(N-benzyloxycarbonyl-L-leucinyl)-^-[2^4-phenyIbe 
ylcarbonyI]hydrazide; 

N-[2K4-phenylphenylbenzyl)to^ 
pyridinylmethoxyc*rt>onyl^^^ 

NKN-benzyloxycarbonyl-L-lew^ 
phenylamino]thiazol-4-ylcarbonyl]hydra2idc; 

N-[2-[NK2-methylpropyl)^^ 
pyridinylmethoxycarbonyl)-l^Ieucinyl]hydrazide; 
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N-[2-(2-ben2yloxyphenyl)thia2ol-4-ylcarbonyll-N'-lN-(3- 
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; 

N-[2-(2-benzyIoxyphenyl)thiazol-4-ylcarbonyl}-N'-IN-(2- 
pyridinyImethoxycarbonyl)-L-leuciny]]hydrazide; 
5 N-(N-benzyloxycart)onyl-N-inethyI-L-leucinyl)-N , -[2-(2- 
benzyloxyphenyl)thia2oI-4-ylcarbonyl]hydrazide; 
N-[2-[N^2-iMtiiylpropyl^ 

pyridinylmetboxycaibonyl)-L-leucinyI]bydrazide; 

N-f2-(N<2-methylpn>pyl)-N-phenylaininoJthiazol^ylcarbonylJ 
10 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; and 

N-[2K2-mcthoxyphenyl)thia2oI-4-ylcarbonyll-N , -[N-(4- 
pyriciinylmethoxycarbonyl)-L-leucinyl]hydra2ide. 



Definitions 

15 "H* present invention includes all hydrates, solvates, complexes 

and prodrugs of the compounds of this invention. Prodrugs are any covalently 
bonded compounds which release the active parent drug according to Formula I in 
vivo. If a chiral center or another form of an isomeric center is present in a 
compound of the present invention, all forms of such isomer or isomers, including 
20 enantiomers and diastercomers, are intended to be covered herein. Inventive 
compounds containing a chiral center may be used as a racemic mixture, an 
enantiomericaJly enriched mixture, or the racemic mixture may be separated using 
well-known techniques and an individual enantiomer may be used alone. In case: 
which compounds have unsaturated carbon-carbon double bonds, both the cis (Z) 
25 and trans (E) isomers are within the scope of this invention. In cases wherein 
compounds may exist in tautomeric forms, such as keto-enol tautomers. each 
tautomeric form is contemplated as being included within this invention whether 
existing in equilibrium or predominantly in one form. 

The meaning of any substituent at any one occurrence in Formula I or any 
30 subformula thereof is independent of its meaning, or any other substituenfs 
meaning, at any other occurrence, unless specified otherwise. 



in 
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Abbreviations and symbols commonly used in the peptide and chemical arts 
are used herein to describe the compounds of the present invention. In general, the 
amino acid abbreviations follow the IUPAC-IUB Joint Commission on Biochemical 
Nomenclature as described in Eur. /. Biochem., 158, 9 (1984). The term "amino 
5 acid" as used herein refers to the D- or L- isomers of alanine, arginine, asparagine, 
aspartic acid, cysteine, glutamine, glutamic acid, glycine, histidine, isoleucine, 
leucine, lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, 
tyrosine and valine. 

"Ci-6alkyl" as applied herein is meant to include substituted and 
10 unsubstituted methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and t-butyl, 
pentyl, n-pentyl, isopentyl, neopentyl and hexyl and the simple aliphatic isomers 
thereof. Any Ci-6alkyl group may be optionally substituted independently by one 
or two halogens, SR\ OR', N(R f ) 2 , C(0)N(R')2. carbamyl or Ci^alkyl, where R' is 
Ci-^alkyl. CQalkyl means that no alkyl group is present in the moiety. Thus, Ar- 
15 Coalkyl is equivalent to Ar. 

M C3.i icycloalkyl" as applied herein is meant to include substituted and 
unsubstituted cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptane, 
cyclooctane, cyclononane, cyclodecane, cycloundecane. ' 

"C2-6 alkenyl" as applied herein means an alkyl group of 2 to 6 carbons 
20 wherein a carbon-carbon single bond is replaced by a carbon-carbon double bond. 
C2-6alkenyl includes ethylene, 1-propene, 2-propene, l-butene, 2-butene, isobutene 
and the several isomeric pentenes and hexenes. Both cis and trans isomers are 
included. 

"C2-6alkynyl" means an alkyl group of 2 to 6 carbons wherein one carbon- 
25 carbon single bond is replaced by a carbon-carbon triple bond. C2-6 alkynyl 
includes acetylene, 1-propyne, 2-propyne, 1-butyne, 2-butyne, 3-butyne and the 
simple isomers of pentyne and hexyne. 

"Halogen" means F, CI, Br, and I. 

"At" or "aryl" means = phenyl or naphthyl, optionally substituted by one or 
30 more of Ph-C^alkyl, HeM^alkyl, C^alkoxy, Ph-C^*^*^ Het-CQ. 

6 alkoxy, OH, (CH 2 )i-6NR 58 R 5 9 0(CH2)i-6NR58r59 ; wherc R 58 t R 59 = H , C\. 
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6alkyl; Het-Ccgalkyi, from Ci^alkyl, OR', N(R) 2 , SR. CF 3 , N0 2 . CN. CO2R. 
CON(R),F,Cl.BrandI. 

As used herein "Het" or "heterocyclic" represents a stable 5- to 7-membered 
monocyclic or a stable 7- to 10-membered bicyclic heterocyclic ring, which is either 
5 saturated or unsaturated, and which consists of carbon atoms and from one to three 
heteroatoms selected from the group consisting of N, O and S, and wherein the 
nitrogen and sulfur heteroatoms may optionally be oxidized, and the nitrogen 
heteroatom may optionally be quateroized, and including any bicyclic group in 
which any of the above-defined heterocyclic rings is fused to a benzene ring. The 
10 heterocyclic ring may be attached at any heteroatom or carbon atom which results in 
the creation of a stable structure, and may optionally be substituted with one or two 
moieties selected from Ci^alkyl, OR', N(R) 2 , SR, CF 3 , NO2, CN, CO2R, 
CON(R'), F, a, Br and I, where R is Ci^alkyl. Examples of such heterocycles 
include piperidinyl, piperazinyl, 2-oxopiperazinyl, 2-oxopiperidinyl, 2- 
15 oxopyrrolodinyl, 2-oxoazepinyl, azepinyl, pynolyl, 4-piperidonyl, pyrrolidinyl, 
pyrazolyl, pyrazolidinyl, imidazolyl, pyridyl, pyrazinyl, oxazolidinyl, oxazolinyl, 
oxazolyl, isoxazolyl, morpholinyl, thiazolidinyl, thiazolinyl, thiazolyl, 
quinuclidinyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl, benzopyranyl, 
benzoxazolyl, furyl, pyranyl, tetrahydrofuryl, tetrahydropyranyl, thienyl, 
benzoxazolyl, thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, and oxadiazolyl. 

"HetAr" or "heteroaryl" means any heterocyclic moiety encompassed by the 
above definition of Het which is aromatic in character, e.g., pyridine. 

It will be appreciated that the heterocyclic ring described when N = ^ z 
includes thiazoles, oxazoles, triazoles. thiadiazoles. oxadiazoles, isoxazoles, 

25 isothiazols, imidazoles, pyrazines, pyridazines, pyrimidines, triazines and tetrazines 
which arc available by routine chemical synthesis and are stable. The single and 
double bonds (i.e., ^) in such heterocycles are arranged based upon the heteroatoms 
present so that the beterocycle is aromatic (e.g., it is a heteroaryl group). The term 
heteroatom as applied herein refers to oxygen, nitrogen and sulfur. When the 

30 heteroaryl group comprises a five membered ring, W is preferably an electron 



20 
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withdrawing group, such as halogen, -CN, -CF3, -NO2, -COR 7 , -CO2R 6 , - 
CONHR 6 , -SO2NHR 6 , -NHSO2R 6 , -NHCOR 7 , -O-COR 6 , -SR 6 or NR'R* or a 
similar electron withdrawing substituent as known in the art 

Certain radical groups are abbreviated herein. t-Bu refers to the tertiary 
5 butyl radical, Boc refers to the t-butyloxycarbonyl radical, Fmoc refers to the 

fluorenylmethoxycarbonyl radical, Ph refers to the phenyl radical, Cbz refers to the 
benzyloxycarbonyl radical. 

Certain reagents are abbreviated herein. DCC refers to 
dicyclohexylcarbodiimide, DMAP is 2,6^1imethylaminopyridine, EDC refers to N- 

10 ethyl-hr(dixnethylaminopropyl)K:arbodiimide. HOBT refers to 1- 

hydroxybenzotriazole, DMF refers to dimethyl formamide, BOP refers to 
benzotriazol- 1 -y loxy- tris(dimethy lamino)phosphonium hexafl uorophosphate , 
DMAP is dimethylaminopyridine, Lawesson's reagent is 2,4-bis(4-methoxyphenyl)- 
1 ,3-dithia-2,4-diphosphetane-2,4-disulfide, NMM is N-methylmorpholine, TFA 

IS refers to trifluoroacetic acid, TFAA refers to trifluoroacetic anhydride and THF 
refers to tetrahydrofuran. Jones reagent is a solution of chromium trioxide, water, 
and sulfuric acid well-known in the art 
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Methods of Preparation 

Compounds of Formula O wherein X = CH, Y = S and Z = N, and W = 
CO2R 7 CN, or CONR*R 7 may be conveniently prepared by methods analogous to 
5 those described in Scheme 1. 
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Scheme 1 

OR 1 OR 1 

o o 

1 2 



OR 1 OR 1 




1 B 



a) i-BuOCOCI, NMM. CHgNj, EtOAc, EtgO; b) HBr, AcOH. EtOAc, Et z O; c) HjjNCSCOaEt 
EtOH; d) NaOH, HjO. THF; e) i-BuOCOCI. NMM. NHa. THF or BOP, EfeN, RNH;;. CH 2 a 2 ; f) 
TFAA. pyridine. CHgCfc g) R^OH. Boc^O. Pyridine or R«OH. EDCI. CHjda h) piperidine. DMF; 
i) BOP. EtjN, D-COaH. CH^ 

1 -Scheme 1 is treated with isobutyl chloroformate and N-methylmorpholine 
in ethyl aceta te to give a mixed anhydride which is treated with diazomethane in 
ether to provide 2-Scheme 1. The diazoketone is halogcnated using 30% HBr in 
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acetic acid in ethyl acetate/ether solution to provide 3-Scheme I . This material is 
treated with ethyl thiooxamate in re fluxing ethanol to give 4-Scheme 1. The 
thiazole carboxylic ester is saponified by treatment with a hydroxide base (such as 
potassium hydroxide, sodium hydroxide or lithium hydroxide) to yield carboxylic 
5 acid 5-$cheme 1- The carboxylic acid is treated with isobutyl chloroformate and N- 
methylmorpholine, followed by gaseous ammonia to provide primary amide §z 
Scheme 1 (R 3 = H). The primary amide is treated with TFAA and pyridine in 
dichloromethane to provide 7-Scheme 1. Alternatively, 5-Scheme 1 can be 
converted to substituted amides, 6-Scheme 1 by treatment with alkyl amines (such 

10 as benzylamine, 2-phenylethylamine or isobutylamine) and a peptide coupling 
reagent (such as BOP, EDOHO/1-HOBT or N-memylmorpholine/isobutyl 
chloroformate) in an aprotic solvent (such as dichloromethane or DMF). The 
carboxyhc acid 5-Schcme 1 can be converted to carboxylic esters 8-Sche^ e \ by 
treatment with a primary or secondary alcohol (such as 2,2,2-trifiuoroethanol, 

1 5 isobutyl alcohol, benzyl alcohol or phenol) and a dehydrating reagent (such as 
DCC/DMAP, EDO or Boc20/pyridine) in an aprotic solvent (such as 
dichloromethane or ether). When R 2 = 9-fluorenylmethoxy, treatment of 4-Scheme 
1 with piperidine in DMF gives 9-Scheme 1. Treatment of 9-Scheme 1 with a 
carboxyhc acid (such as N<fcz-L-phenylalanine or N<^-L-leucinyl-L-leucine) 
20 and a peptide coupling reagent (such as BOP) in an aprotic solvent (such as 
dichloromethane) provides 10-Scheme I . 



Scheme 1A 




12 3 




25 4 



a) Mel, THF; b) RTJH2, i-PrOH; c) Bromomethyl ketone, EtOH 
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Compounds of Formula II wherein X = CH, Y = S and Z = N are prepared 
by methods analogous to those described in Scheme 1 A. 1 -Scheme 1A is treated 
with iodomethane in an aprotic solvent (such as THF) to afford 2-Scheme 1A . 
which is treated with a primary amine in a protic solvent (such as isopropanol) to 
5 give 3-Schcme 1A . this material is then treated with a bromomethyl ketone in a 
protic solvent (such as ethanol) to provide 4-Scheme 1A . 

Scheme 2 



R 1 R 1 R 1 




10 « 2 



a) i-BuOCOCl, NMM, NH 3 , THF; b) Lawessons reagent, THF; c) BrCHjCOCOjEt, 
TFAA, Pyridine, CH 2 C1 2 ; d) TFA; e) DCOzH. EIX>HC1, HOBT, EtaN, DMF; f) 
NaOH, H 2 0, THF 



Compounds of Formula II wherein X = S, Y = CH and Z = N may be 
conveniently prepared by methods analogous to those described in Scheme 2. _L 
Scheme 2 is treated with isobutyl chloroformate, N-methylmorpholine and ammonia 
20 in THF to provide 2-Schcme 2 . This material is converted to the thioamide, 3i 

Scheme 2. by treatment with Lawesson s reagent in an aprotic solvent (such as THF 
or toluene). 3-Scheme 2 is converted to the thiazole by condensation with a ot- 
ketoester bearing a suitable leaving group for displacement by a sulfur nucleophile 
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(CK Br, I, OMs, O-p-Tos) in dichloromethane. 4-Scheme 2 is treated with TFA to 
provide g-Scteme 2- This material is treated with a caiboxylic acid (such as N-Cbz- 
L-leucine, N-Cbz-D-leucine or N-Cbz-L-leucinyl-L-leucine) and a peptide coupling 

reagent ( such as BOP, EDOHO/1-HOBT or N-methylmoiphoiine/isobutyi 
5 chlorofonnate) in an aprotic solvent (such as dichloromethane, DMF or THF) to 

yield 2* This material is saponified by treatment with a hydroxide base 

(such as potassium hydroxide, sodium hydroxide or lithium hydroxide) to yield 

carboxylic acid 7-Schcme 2. 

0 Scheme 2A 




15 a) Boc-amino acid, EDOHC1, 1-HOBT, DMF; b) TFA; c) R 5 OCOC1, i-Pr 2 NEt 

Compounds of Formula II wherein X = S, Y = CHandZ = N may also be 
prepared by methods analogous to those described in Scheme 2A. 1 -Scheme 2A is 
treated with a rm-butoxycarbonyl-protected amino acid (such as N-rm- 

20 butoxycarbonyl-L-Ieucine) and a peptide coupling reagent ( such as BOP, 

EDOHC1/I-HOBT or N-mcthylmorphoIine/isobutyl chlorofonnate) in an aprotic 
solvent (such as dichloromethane, DMF or THF) to yield 2-Schcme 2A which is 
treated with trifluoroacetic acid to provide 3-Scheme 2A This material is treated 
with a chlorofonnate (such as 2-biphenylmethyl chlorofonnate, 2-benzylbenzyl 

25 chlorofonnate, 2-naphthylmethyl chlorofonnate or 2-phenoxybenzyl chlorofonnate) 
and a tertiary amine base (such as diisopropylethylamine) in an aprotic solvent (such 
as methylene chloride) to provide 4-Scheme 2A . 



42 



WO 97/16433 



PCT/US96/18000 



Scheme 3 
R 1 



OMe b 



A, OMe a JL ■ 

HjN^V^ BocHN^Y 

O O 
1 2 

R 1 R 1 O 

BocHN J - BOCHN^J^ N^COgB 

O O 

R 1 R 1 

BocHN ^Y 8 ^^ 2— H 2 N^ S Y S ^_ C02Et 

N— N N — N 



0 R 1 



2 

5 a) Boc 2 0. E13N. THF; b) hydrazine hydrate, MeOH; c) EtOjCCOCl, Pyridine, 
CH 2 C1 2 ; d) Lawesson's reagent, toluene; e) TFA, CH 2 C1 2 ; f) DCC^H, 
EDOHC1/HOBT, B3N, DMF 



10 Compounds of Formula II wherein X and Y = N,andZ = S may be 

conveniently prepared by methods analogous to those described in Scheme 3. i: 
Scheme 3 is treated with di-te/t-butyl dicarbonate and triethylamine in THF to 
provide 2-Scheme 3. This material is treated with hydrazine hydrate in methanol to 
provide 3-Scheme 3. The hydrazide is acylated by treatment with ethyl oxalyl 

15 chloride and pyridine in dichloromethane to provide 4-Scheme 3 . This material is 
converted to the thiadiazole, 5-Scheme 3. by treatment with Lawesson's reagent in 
an aprotic solvent (such as THF or toluene). 5-Scheme 3 is treated with TFA to 
provide 6-Scheme 3. This material is treated with a carboxylic acid (such as N-Cbz- 
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10 



L-leucine) and a peptide coupling reagent ( such as BOP. EDOHC1/1-HOBT or N- 
methylmorpholine/isobutyl chlorofonnate) in an aprotic solvent (such as 
dichloromethane, DMF or THF) to yield 7-Scheme ^ 



R 1 o R i 
Bo *N'^y N -N^C0 2 Et & — BocHN-^Y 0 ) 



O 

1 



^-COaEt 

"I 

2 



b 



R 1 



y-co^t 

N 

4 



^-CONHj 

""I 

5 

a) SOCl 2 , pyridine, Et 2 0, toluene; b) TFA, CH 2 C1 2 ; c) DCOjH. EDOHC1/HOBT 
Et3N,DMF;d)NH 3F EtOH 



Compounds of Formula n wherein X and Y = N, and Z = O, and W = 
C02Et or CONH2 may be conveniently prepared by methods analogous to those 
described in Scheme 4. 1-Scheme 4 is treated with thionyl chloride and pyridine in 
ether, followed by refluxing in toluene to provide 2-Schemetd The resultant 
15 oxadiazole is treated with TFA to provide 2^£hsme_4_. This material is treated with 
a carboxylic acid (such as N-Cbz-L-leucine) and a peptide coupling reagent ( such 
as BOP, EDOHCI/1-HOBT orN-memylmorpholineAsobutyl chlorofonnate) in an 
aprotic solvent (such as dichloromethane, DMF or THF) to yield 4-Scheme 4 The 
carboxylic ester is treated with ammonia in methanol to yield 5-Scheme4 



20 
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Scheme 5 



OR 2 R 1 



O R 2 




OR 2 O 



NHNH2 



c 



4 




O R 2 N-1 



SH 



a) EDOHC1/HOBT, EtjN, DMF; b) H 2 NNH 2 »H 2 0, MeOH; c) CSC1 2 , EtjN, CHC1 3 



Compounds of Formula II wherein X and Y = N, and Z = O, and W = SH 
may be conveniently prepared by methods analogous to those described in Scheme 
5. 1-Scheme 5 and 2-Scheme 5 are treated with a peptide coupling reagent ( such 
as BOP, EDOHC1/1-HOBT or N-memylmorpholine/isobutyl chloroformate) in an 
10 aprotic solvent (such as dichloromethane. DMF or THP) to yield 3-Scheme 5. This 
material is treated with hydrazine hydrate in methanol to provide 4-Scheme 5. 
Treatment of 4-Scheme 5 with thiophosgene and triethylamine in chloroform 
provides 5-Scheme 5. 
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Scheme 6 




2 



a) H 2 NCS 2 NH4+ EtOH; b) H 2 NCSNH 2 . EtOH 

Compounds of Formula n wherein X = CH, Y = S and Z = N, and W = SH 
or NH 2 may be conveniently prepared by methods analogous to those described in 
10 Scheme 6. Condensation of 1 -Scheme 6 with ammonium dithiocarbamate in 
ethanol yielded 2-Schcme Alternatively, 1 -Scheme 6 can be condensed with 
thiourea in ethanol to give 3-Scheme6. 

Scheme 7 

HO HO 
1 2 




a) Et 2 NO; b) H 2 NCH2CH(NH 2 )C0 2 H 
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Compounds of Formula II wherein X = CH, Y = N and Z = N and W=C may 
be prepared by methods analogous to those described in Scheme 7. Treatment of Jb 
Scheme 7 with diethylamine N-oxide should provide 2-Scheme 7 . Condensation of 
5 2-$cfreme 7 with a 2 t 3-diaminocarboxylic acid should then provide 3-Scheme 7 
which may be converted to a variety of carboxylic acid derivatives using procedures 
previously described in other schemes. 

Compounds of Formula III may be generally prepared by methods common 
10 in the art of organic chemistry for coupling carboxylic acid derivatives to hydrazine. 
Schemes 8, 9 and 10 are illustrative of a method to prepare compounds wherein B or 
E is a heterocycle. Compounds of Formula X may be conveniently prepared by 
methods analogous to those described in Schemes 8, 9 and 19-23. 

15 Scheme 8 




20 a) i. i-BuOCOCl, NMM, THF; ii. CH 2 N 2 , Et 2 0; b) HBr, AcOH, Et 2 0; c) 

H2NCSCO2EU EtOH; d) r63nHNH 2 , EtOH; e) R^CC^H, EEK>HC1, 1-HOBT, 
DMF. 

Compounds wherein X = CH, Y = S and Z = N, are prepared by methods 
25 analogous to those described in Scheme 22. 1 -Scheme 8 is treated with isobutyl 
chloroformate and N-methylmorpholine in ether to give a mixed anhydride which is 
treated with diazomethane in ether to provide 2-Scheme 8. The diazoketone is 
halogenated using 30% HBr in acetic acid in ether solution to provide 3-Scheme 8 . 
This material is treated with ethyl thiooxamate in re fluxing ethanol to give 4^ 
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Scheme fl - The thiazole caiboxylic ester is treated with a hydrazine (such as 
hydrazine monohydrate or methyl hydrazine) in ethanol to yield 5-Scheme ft This 
material is treated with a carboxylic acid (such as N-Cbz-L-leucine) and a peptide 
coupling reagent (such as EDOHC1/1-H0BT) in an aprotic solvent (such as DMF) 
5 to provide 6-Scheme ft 

Compounds wherein X = S, Y = CH and Z = N, are prepared by methods 
analogous to those described in Scheme 9. 



Scheme 9 




6 (J = CO, S02) 



15 a) i-BuOCOCl, NMM, NH 3 , THF; b) Lawesson's reagent, THF; c) i. 

Et02CCOCH 2 Br, ii. TFAA, Py. CH 2 a 2 ; d) H 2 NNH 2 «H 2 0, EtOH; e) R^SC^O. 
Py, CH 2 a 2 ; f) R^CC^H, EDC»Ha, 1-HOBT, DMF. 

1 -Scheme 9 is converted to 2-Scheme 9 by treatment with isobutyl 
20 chloroformate, N-methylmorpholine and ammonia in THF. 2-SchemeQ is treated 
with Lawesson's reagent in THF to provide the thioamide 3-SchemcQ This 
material is converted to the thiazole by condensation with an a-ketoester followed 
by treatment with trinuoroacetic anhydride and pyridine in methylene chloride to 
afford 4-Schcmc 21 which is converted to 5-Scheme 9 by treatment unth h y n raTinf 
25 monohydrate. This material is treated with a sulfonyl chloride (such as 4- 
phenoxybenzenesulfonyl chloride) and pyridine in an aprotic solvent (such as 
dichloromethane) to provide 6-Scheme Q Alternatively, 6-Schen^ 0 may be 
prepared by treatment with a carboxylic acid (such as N-benzyloxycarbonyl-L- 
leucine, N-benzyloxycarbonyl-N-methyl-L-leucine, N-(2- 
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pyridinylmethoxycarbonyI)-L4eucine t N-(3-pyridinylmethoxycarbonyl)-L-leucine, 
N^4-pyridinylmethoxycarbonyl)-L-leucine, 4-biphenylacetic acid, 3-(4- 
pyridinylmcthoxy)bcn2ioc acid, or 4-mcthyl-2-(4-phenyIphenyl)pentanoic acid) and 
a peptide coupling reagent (such as EDC*HCl/l-HOBT) in an aprotic solvent (such 
5 asDMF). 



R 9 

YY 

Compounds wherein B = ° R are prepared by routine methods of 
peptide synthesis as illustrated for instance by Scheme 10. 

10 

Scheme 10 

pi6 R 15 R 16 

N COjH H 2N COaEt H II I 

O R« 



f 16 H Rt6 , 0 

h RP - X^^N. .CONHNH 2 JL U JL N B-R 14 

1 a |X BIT B Y 

O R 15 o R 1S O 

4 5 



a) EDOHC1, HOBT, DMF; b) H 2 NNH2»H 2 0. EtOH; c) R 14 -B-C02H. 

15 EDC'HCL, HOBT, DMF 

Treatment of a mixture of 1 -Scheme 10 and 2-Scheme 10 with a peptide 
coupling reagent (such as BOP or EDOHC1/1-HOBT) in an aprotic solvent (such as 
DMF or dichlorome thane) provides 3-Scheme 10 . This material is treated with 
hydrazine hydrate in ethanol to yield 4-Scheme 10. which is treated with a 

20 carboxylic acid (such as N-Cbz-L-leucine) and a peptide coupling reagent (such as 
BOP or EDOHC1/1-HOBT) in an aprotic solvent (such as DMF or 
dichlorome thane) to provide 5-Scheme 10. 
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Compounds of Formula IV wherein R22 r23 r 24 are H, and R21 = r26 
are prepared by methods analogous to those described in Scheme 1 1 . 

Scheme U 

5 




a) EDC.HCI, 1-HOBT, DMF 

Symmetric compounds of the Formula DC having RCO as the terminal 
substituent on both sides are prepared by methods analogous to those described in 
Scheme 1 1 . Treatment of 1 -Scheme 1 1 with a carboxylic acid (such as 4- 
biphenylacetic acid or 4-methyI-2-(4-phenylphenyl)pentanoic acid) and a peptide 
coupling reagent (such as EDOHCI/1-HOBT) in an aptotic solvent (such as DMF) 
provides 2-Scheme 1 1 

Nonsymmetric compounds of the Formula IX, and compounds of Formula 
IV wherein R22, r23, r24 and R 25 m H , and R21 * R26, are prepared by methods 
analogous to those described in Scheme 12. 
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H 

/ 




4 5(F = COR 52 ,S0 2 R 52 ) 

a) H^H^HgO, MeOH; b) Cl^, PhMe; c) HgNNH^O, MeOH; d) R^C0 2 H f EDCHCI, 
1-HOBT, DMF; e) R^OgCI or R 52 COCI, pyridine, DMF; f) R 52 CO^COR 52 ; g) rSScONR 51 



5 Treatment of 1 -Scheme 12 with hydrazine hydrate in a protic solvent (such 

as methanol or ethanol) provides 2-Scheme 12. which is treated phosgene in toluene 
to afford 3-Scheme 12. This material is treated with hydrazine hydrate in a protic 
solvent (such as methanol or ethanol) to provide 4-Schemc 12. Treatment of 4~ 
Scheme 12 with a sulfonyl chloride (such as 4-phenoxyphenylsulfonyl chloride), an 

10 acid chloride (such as benzoyl chloride), or a carbamoyl chloride (such as N-(2- 
methylpropyl>N-(4-phenylphenyl)carbamoyl chloride) and pyridine in DMF 
affords 5-Scheme-12. Alternatively, 5-Scheme-12 may be prepared by treatment of 
4-Scheme 12 with a carboxylic acid (such as N-benzyloxycarbonyl-L-alanine, N- 
benzyloxycarbonyl-L-proline, N-benzyloxycarbonylglycine, (S)-N- 

15 benzyloxycarbonyl-2-aminobutyric acid, N-benzyloxycarbonyl-N-methyl-L-leucine, 
N-ffrr-butoxycarbonyl-N-methyl-L-leucine, N-acetyl-L-leucine, N-acetyl-L-alanine, 
N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-[4-(N 

dimethylaminomethyl)benzyloxycarbonyl]-L-kucine, 4-phenylbenzoic acid, 4- 
methoxybenzioc acid, 4-phenoxybenzoic acid, 4-(N,N- 
20 dimethylaminomethyl)benzoic acid, 4-hycroxy-3-[N-(4-morpholinomethyl)]benzoic 
acid, 3-[N-(4-morpholinomethyl)]benzoic acid, 2-benzyloxybenzoic acid, 3- 
benzyloxybenzoic acid, 4-benzyloxybenzoic acid, 4-(3- 
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dimethylaminomethylpropoxy)benzoic acid, 3-benzyloxy-5-methoxybenzoic acid, 
3-benzyloxy-4,5-dimedioxybeii2oic acid, 3-benzyloxy-5-ethoxybenzoic acid, 3-(4- 
pyridinyImethoxy)benzoic acid, 4-biphenylacetic acid, 2-(4- 
phenylphenoxy)propionic acid or 4-methyl-2-(4-phcnylphenyl)pentanoic acid) and a 
5 peptide coupling reagent ( such as BOP, EDOHC1/1-HOBT or N- 

methylmorpholine/isobuty] chloroformate) in an orotic solvent (such as 
dichloromethane, DMF or THF). 5-Scheme.12 may also be prepared by treatment 
of 4-Schttng 12 with an anhydride (such as acetic anhydride). Alternatively, 2i 
Scheme 1 2 may be converted directly to 5-Scheme-l by treatment with a hydrazide 
10 (such as 4-methylpentanoyl hydrazide or N-methyl-N-benzyloxycaibonyl-L- 
leucinyl hydrazide). 



15 



Scheme 12A 

r2 1 CX)NHNH 2 -2-> R^CONHNHC^-^^^') tSso — 

1 2 2 

HO H o H 

R 2 ^.^ cl.eorf R*V A JL n 



4 (RCH 2 = R 23 ) 5 (X = COR 52 . SO2R 52 ) 



•R " H H 



a) i. PhCHO. BOH; 8. BH3 THF; b) CfeCO, PhMe; c) HgNNHgUgO, MeOH; d) R^COjjH. 
EDCHO. 1-HOBT, DMF; e) R^gCI or R^OCt, pyridine. DMF; I) R 52 C0 2 COR 52 

Nonsymmetric compounds of Fonnula IV, wherein R 23 * H are prepared by 
methods analogous to those described in Scheme 12A. 1 -Scheme 12A is treated 
20 with an aldehyde (such as benzaldehyde) in a protic solvent (such as ethanol) and 
the resulting inline is treated with borane-THF complex to afford 2-Scheme 1? A 
which is subsequently treated with phosgene in toluene to afford 3-Scheme 12A 
This material is treated with hydrazine hydrate in a protic solvent (such as methanol 
or ethanol) to provide 4-Scheme 17 A Treatment of 4-Scheme 12A with a 
25 carboxytic acid (such as N-benzyloxycarbonyl-L-leucine) and a peptide coupling 
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reagent ( such as BOP, EDOHC1/1 -HOBT or N-metbylmorpholine/isobutyl 
chloroformatc) in an aprotic solvent (such as dichloromethane, DMF or THF) to 
yield 5-Scheme-I2A 

Compounds of Formulae V-VII may be conveniently prepared by methods 
analogous to those described in Schemes 13-16. 



Scheme 13 




a) HBTU, NMM, DMF; b) Jones, acetone 

13-Bis-amido propan-2-ones may be prepared by acylation of 1,3-diamino- 
propan-2-ol 1 -Scheme 13 with a carboxylic acid 2-Scheme 13 or a mixture of 2 
15 different carboxylic acids (2 and 3) in equimolar amounts and a coupling reagent 
such as a dialkyl carbodiimide such as DCC or EDCI or HBTU/ N-methyl 
morpholine, followed by oxidation of the carbinol to a ketone with an oxidant such 
as Jones reagent 

20 o Scheme H 

a a 

OH 
1 

a) NMM, DMF; b) Jones, acetone 

£ 1,3-Bis-sulfonamido propanones may be prepared by sulfonylation of 13- 

diamino-propan-2-ol 1 -Scheme 14 with a sulfonyl chloride 2-Scheme 14 and a base 
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such as N-methyl moipholine, followed by oxidation of the carbinol to a ketone 
with an oxidant such as Jones reagent. 



Scheme 15 



5 




a) EDa, HOBT, DMF; b) NMM, DMF, 3) Jones, acetone 

1 -Amido-3 -sulfonamide propanones may be prepared by acylation of 1,3- 
10 diamino-propan-2-oI 1 -Scheme I S with acarboxvlic acid 2-Scheme 1 S anH a 

coupling reagent such as a carbodiimide or HBTU/ N-methyl morpholine, followed 
by treatment with an appropriate sulfonyl chloride 3-Scheme I S and a base such as 
N-methyl morpholine, followed by oxidation of the carbinol to a ketone with an 
oxidant such as Jones reagent 

15 

Scheme 16 
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1 - Amido-3-sulf onamido alkan-2-ones that are larger than propan-2-one, 
such as butan-2-one or 5-methyl-hexan-2-one, can be prepared by converting an N- 
protected peptide such as Cbz-ieu-leu-OH 1-Scheme 16 to its bromo methyl ketone 
5 3-$chgms It via a diazo methyl ketone 2-Scheme 16 . Then, the bromide 3-Scheme 
1& is displaced with sodium azide to give the corresponding azide 4-Schcme 16 . 
Reduction of the carbony 1 with a reducing agent such as sodium borohydride gives 
alcohol 5-Scheme 16. Subsequent reduction of the azide with a reducing agent such 
as 13-propandithiol gives the free amine 6-Scheme 16 . Acylation or sulfonylation 
10 of the amine gives amide or sulfonamide 7-Scheme 16 . Finally, oxidation of the 
carbinol with an oxidant such as Jones gives the desired compounds. 

Compounds of Formula Vm may be conveniently made using methods 
analogous to those in Schemes 17 and 18. 

15 

Stiffly 17 




7 



20 a) NaN 3 ,MeOH,H 2 0;b)Tosyl chloride, trietoylamine, CH2CI2; c) 
Ellman dihydropyran resin (3), PPTS, CXiCR^CX d) PI1CH2NH2, toluene, 
80 degrees C; e) HATU, N-methyl moipholine, NMP; f) HS(CH2>3SH, 
MeOH, Et3N; g) Cbz-Ieucine (6), HBTU, N-methyl morpholine. NMP; h) 
TFA, CH2C12* Me2S; i) Jones reagent, acetone 



25 



Azide opening of glycidol 1 -Scheme 17. followed by tosylation of the 
primary alcohol gave tosylate 2-Scheme 17. which was coupled to Ellman polymer 
3-Scheme 17 as described by described in J. Med. Chem. 1995, 55, 1427-1430 to 
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produce polymer 4-Scheme 17, which was reacted with benzyl amine in toluene, 
then washed extensively with various solvents. Then, the azide was reduced with 
1,3-propanedi thiol in MeOH, triethylamine, then was washed extensively with 
various solvents. Coupling of Cbz-leucine 6-Scheme 17 with the diamine 5£cjjsme 
5 12 with equimolar amounts and a coupling reagent such as a dialkyl carbodiimide 
such as DCC or EDCI or HBTU/ N-methyl morpholine. Cleavage of the ether 
linkage to an alcohol was accomplished with trifluoroacetic acid with various 
scavengers. Finally, oxidation of the carbinol to a ketone 7-Scheme 17 with an 
oxidant such as Jones reagent provided the desired final product 

10 

Scheme 18 




a) 4-pyridyl methyl amine, isopropanol, reflux; b) Cbz-leucine, HBTU, 
1 5 N-methyl morpholine, DMF; c) hydrazine, MeOH, reflux; d) 2- 

dibenzofuransulfonyl chloride, N-methyl morpholine, DMF; e) Jones 
reagent, acetone 

N-(23-Epoxypropyl)phthalimide 1 -Scheme 18 (Aldrich) was reluxed with 
20 an amine such as 4-pyridiyl methyl amine in isopropanol. The secondary amine 2z 
Scheme 18 was then acylated with an acylating agent such as Cbz leucine or a 
sulfonylating reagent such as 2-dibenzofuransulfonyl chloride and base such as N- 
methyl morpholine in DMF. The phthalimide was then removed with hydrazine in 
MeOH and the resulting free amine was acylated with an acylating agent such as 
IS Cbz leucine or a sulfonylating reagent such as 2-dibenzofuransulfonyl chloride and 
base such as N-methyl morpholine in DMF. 

Compounds of Formula DC may conveniently be made using methods 
analogous to those in Schemes 19 and 20. 



56 



WO 97/16433 



PCT/US96/18000 



Compounds of Formula X may be conveniently made using methods 
analogous to those described in Schemes 21-27. 



5 Scheme 19 




a) KOa MeOH/H20; b) R 66 NHNH 2 , EtOH; c) EDOHC1, 1-HOBT, DMF 

10 

Compounds wherein X = CH, Y = S t Z = N and R 4 * H, are prepared by 
methods analogous to those described in Scheme 19. Carboxylic ester 1 -Scheme 19 
is treated with a hydroxide base (such as lithoum hydroxide, sodium hydroxide or 
potassium hydroxide) in methanol/water to provide 2-Scheme 19 . 3-Scheme 19 is 
IS treated with a hydrazine (such as methylhydrazine) in a protic solvent (such as 
ethanol) to give 4-Scheme 19. 2-Scheme 19 and 4-Scheme 19 are coupled by 
treatment with a peptide coupling reagent (such as EDOHC1/1-HOBT) in an aprotic 
solvent (such as DMF) to provide 5-Scheme \9 . 
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5 a) Thiourea, EtOH; b) i. NaN02, l6% aqueous HBr, ii. CuBr, 16% aqueous HBr; 
iii. HBr (cat), EtOH; c) ArB(OH>2. Pd(PPh 3 ) 4 , CsF, DME; d) ArSnMe 3 , 
Pd(PPh 3 ) 4 , PhMe; e) H 2 NNH2 # H20, EtOH; e) R65C02H. EDOHC1, 1-HOBT, 
DMF. 



10 Compounds wherein X = S,Y = CH,Z = NandV = 2-methoxyphenyl or 2- 

benzyloxyphenyl, are prepared by methods analogous to those described in Scheme 
20. Ethyl bromopyruvate fl -Scheme 201 is treated with thiourea in refluxing 
ethanol to provide 2-Scheme 20. which is treated successively with sodium nitrite 
and copper (I) bromide in 16% aqueous HBr, and the product was heated in ethanol 

15 with a catalytic amount of HBr to rive 3-Scheme 20 Treatment of this material 
with an aiylboronic acid (such as 2-benzyloxyphenylboronic acid), 
tetrakis(triphenylphospnine)palladium(0) and cesium fluoride in refluxing DME 
provides 4-Schcme 2Q- Alternatively, 4-Scheme 20 may be prepared by treatment 
of 3-Scheme 20 with an arylstannane (such as 2-trimethylstannylanisole) and 

20 tetrakis(triphenylphosphine)palladium(0) in refluxing toluene. Treatment of 4^ 
Scheme 20 with hydrazine hydrate in ethanol provides 5-Scheme 20. which is 
treated with a carboxylic acid (such as N-benzyloxycarbonyl-N-methyl-L-leucine, 
N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-(3-pyridinylmethoxycatbonyl)-L- 
ieucine or NK4-pyridlnylniethoxycarbonyl)-L-leucine) and a peptide coupling 
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reagent (such as EDOHC1/1-HOBT) in an aprolic solvent (such as DMF) to provide 
6-$cheme ?0. 

5 

RCOCI— RCONHR 64 — RCKjNHR 67 ~ ^ RCH^R^CSNH,, - 
111 4 




O H 
2 



a) r67nh 2 , Py. CH 2 a 2 ; b) UAIH4, THF; c) i. C1 2 CS, Py, CH 2 C1 2 ; ii. NH3, 
MeOH or I. PhCONCS, CHa 3 ; ii. K 2 CC>3, MeOH, H 2 0; d) EtC^CCOO^Br, 
10 EtOH; e) H 2 NNH 2 *H 2 0, EtOH; e) R^cOjH, EDOHC1, 1-HOBT, DMF. 

Compounds wherein X = S, Y = CH, Z = N and V = NR^R 67 , arc prepared 
by methods analogous to those described in Scheme 21. An acid chloride CL 
Scheme 2 H is treated with a primary amine (such as 4-aminobipheny I or aniline) 

15 and pyridine in an aprotic solvent (such as methylene chloride) to provide 2-Scheme 
2L which is treated with lithium aluminum hydride in THF to afford 3-Scheme 25 . 
Treatment of 3-Scheme21 with thiophosgene and pyridine in methylene chloride, 
followed by treanment with ammonia in methanol provides 4-Scheme 21 . 
Alternatively, 4-Scheme 21 may be prepared by treatment of 3-Scheme 21 with 

20 benzoyl isothiocyanate, followed by treatment of the intermediate benzoyl thiourea 
with potassium carbonate in methanol/water. 4-Scheme 21 is treated with 
hydrazine hydrate in ethanol to give 5-Scheme21 . Treatment of 5-Scheme21 with 
a carboxylic acid (such as N-(2-pyridinylmethoxycarbonyl)-L-leucine, N-(3- 
pyridinylmethoxycarbonyl)-L-leucine or N^4-pyridinylmethoxycarbonyl)-L- 

25 leucine) and a peptide coupling reagent (such as EDOHC1/ 1-HOBT) in an aprotic 
solvent (such as DMF) affords 6-Scheme21. 
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Scheme 22 

H 2 N\ V 
H2NCSC0 2 Et N -^-> L^ N y^C0 2 Et c > 

HjN C0 2 Et N-N 

i a a 

V V O H 

L ^V C0NH ^ ^Y^v* 65 

N-N N-N i » 

4 5 

a) H 2 NNH 2 «H 2 0, EtOH; b) LCC^CCty-Bu, 200 °C; c) H 2 NNH 2 .H 2 0, EtOH; d) 
R^CC^H, EDC«Ha, 1-HOBT, DMF 

Compounds wherein XandY = N,andZ = NH,are prepared by methods 
analogous to those described in Scheme 26. 1-Scheme22 is treated with hydrazine 
hydrate in ethanol to give 2-Scheme 22. which is heated with a mixed anhydride to 
provide triazole 3-Scheme 22 This material is treated with hydrazine hydrate to 
provide 4-Scheme 22 which is treated with a carboxyUc acid (such as N- 
benzyloxycarbonyl-L-leucine) and a peptide coupling reagent (such as EDOHCI/1- 
1 5 HOBT) in an aprotic solvent (such as DMF) to provide 5-Scheme 22. 



10 
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5 a) TFA; b) R 62 C02R EDOHCi, 1-HOBT, DMF; c) R 62 SC>2Cl i-P^NEt 

Compounds wherein X = S, Y = CH,Z = N,L = CH(R^6)Nr60r68 whcrc 
R 68 * Boc or Cbz, or R 6 * = CH(R^)NR^ 1 R 70 whcrc R™ * Boc or Cbz arc 
prepared by methods analogous to those described in Scheme 27. 1 -Scheme 23 is 

10 treated with trifluoroacetic acid to provide 2-Scheme 23 . This material is treated 
with a carboxylic acid (such as piyazinecarboxylic acid, isonicotinic acid, 4- 
imidazolylacetic acid or pipecolic acid) and a peptide coupling reagent (such as 
EDOHC1/1-HOBT) in an aprotic solvent (such as DMF) to provide 3-Scheme 23 . 
3-Scheme 23 may also be prepared by treatment of 2-Scheme 23 with a sulfonyl 

IS chloride (such as 2-pyridinesulfonyl chloride) and a tertieary amine base (such as 
diisopropylethylamine) in an aprotic solvent (such as methylene chloride). 
Alternatively, treatment of 4-Scheme 23 with trifluoroacetic acid provides 5i 
Scheme 23. 
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Scheme 7d 

T 




OH 



BoeKM CO,H 



8 ° ° OCHJ* I O'ST 



coy* o ° ° boy*, 



8 • • • W» J o'V^ 

5 a) EDCI, DMF; b) 2-PhCH 2 0PhSO2Cl, NMM, DMF; c) TFA, DCM; d) 4-pyridyI 
acetic acid, HBTU, NMM, DMF; e) Jones 

1 3 -Diamino-propan-2-ol (or an N-alkyl substituted diamino-propanol) is 
coupled to a protected leucine analog (either Cbz- or Boc-) and another carboxylic 
10 acid or sulfonyl chloride. Removal of the protective group, followed by acylation or 
sulfonylation, and oxidation of the alcohol provides the desired compounds. 
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o o 

a) HBTU, NMM, DMF\ allyl amine; b) mCPBA, DCM; c) MeNH 2 , isopropanol, 70 
5 C; d) Cbz-Ieucine, EDCI, DMF; c) Jones, acetone 

N-Allyl amine (or a N-alkyl-N-allyl amine) is coupled to a Cbz-amino acid 
(or sulfonylated with an aryl sulfonyl chloride), then the alkene is epoxidized with a 
peracid (or dimethyl diooxirane). The epoxide is opened with a subsituted amine, 
10 then the amine is acylated or sulfonylated. Final oxidation gives the desired 
ketones. 
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The starting materials used herein are commercially available amino acids or 
are prepared by routine methods well known to those of ordinary skill in the art and 
can be found in standard reference books, such as the COMPENDIUM OF 
ORGANIC SYNTHETIC METHODS. Vol. I-VI (published by WUey-Interscience). 
5 Coupling methods to form amide bonds herein are generally well known to 

the art. The methods of peptide synthesis generally set forth by Bodansky et al., 
THE PRACTICE OF PEPTIDE SYNTHESIS, Springer-Verlag, Berlin, 1984; E. 
Gross and J. Meienhofer, THE PEPTIDES, Vol. 1, 1-284 (1979); andJ.M. Stewart 
and J.D. Young, SOLID PHASE PEPTIDE SYNTHESIS. 2d Ed., Pierce Chemical 
Co., Rockford, 111., 1984. are generally illustrative of the technique and are 
incorporated herein by reference. 

Synthetic methods to prepare the compounds of this invention frequently 
employ protective groups to mask a reactive functionality or minimize unwanted 
side reactions. Such protective groups are described generally in Green, T.W, 
15 PROTECTIVE GROUPS IN ORGANIC SYNTHESIS, John Wiley & Sons. New 
York (1981). The term "amino protecting groups" generally refers to the Boc, 
acetyl, benzoyl, Fmoc and Cbz groups and derivatives thereof as known to the art 
Methods for protection and deprotection, and replacement of an amino protecting 
group with another moiety are well known. 

Acid addition salts of the compounds of Formula I are prepared in a standard 
manner in a suitable solvent from the parent compound and an excess of an acid, 
such as hydrochloric, hydrobromic, hydrofluoric, sulfuric, phosphoric, acetic, 
trifluoroacetic, maleic, succinic or methanesulfonic. Certain of the compounds form 
inner salts or zwitterions which may be acceptable. Cationic salts are prepared by 
25 treating the parent compound with an excess of an alkaline reagent, such as a 
hydroxide, carbonate or alkoxide, containing the appropriate cation; or with an 
appropriate organic amine. Cations such as Li+, Na+, K+, Mg++ and NH4+ 
are specific examples of cations present in pharmaceutically acceptable salts. 
Halides, sulfate, phosphate, alkanoates (such as acetate and trifluoroacctate), 
benzoates. and sulfonates (such as mesylate) are examples of anions present in 
pharmaceutically acceptable salts. 
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This invention also provides a pharmaceutical composition which comprises 
a compound according to Formula I and a pharmaceutical^ acceptable carrier, 
diluent or excipient Accordingly, the compounds of Formula I may be used in the 
manufacture of a medicament Pharmaceutical compositions of the compounds of 
5 Formula I prepared as hereinbefore described may be formulated as solutions or 
lyophilized powders for parenteral administration. Powders may be reconstituted by 
addition of a suitable diluent or other pharmaceutically acceptable carrier prior to 
use. The liquid formulation may be a buffered, isotonic, aqueous solution. 
Examples of suitable diluents are normal isotonic saline solution, standard 5% 
10 dextrose in water or buffered sodium or ammonium acetate solution. Such 

formulation is especially suitable for parenteral administration, but may also be used 
for oral administration or contained in a metered dose inhaler or nebulizer for 
insufflation. It may be desirable to add excipients such as polyvinylpyrrolidone, 
gelatin, hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or 
15 sodium citrate. 

Alternately, these compounds may be encapsulated, tableted or prepared in 
an emulsion or syrup for oral administration. Pharmaceutically acceptable solid or 
liquid carriers may be added to enhance or stabilize the composition, or to facilitate 
preparation of the composition. Solid carriers include starch, lactose, calcium 
20 sulfate dihydrate, terra alba, magnesium stearate or stearic acid, talc, pectin, acacia, 
agar or gelatin. Liquid carriers include syrup, peanut oil, olive oil, saline and water. 
The carrier may also include a sustained release material such as glyceryl 
monostearate or glyceryl distearate, alone or with a wax. The amount of solid 
carrier varies but, preferably, will be between about 20 mg to about 1 g per dosage 
25 unit. The pha rm aceutical preparations are made following the conventional 

techniques of pharmacy involving milling, mixing, granulating, and compressing, 
when necessary, for tablet forms; or milling, mixing and filling for hard gelatin 
capsule forms. When a liquid carrier is used, the preparation will be in the form of 
a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid 
30 formulation may be administered directly p.o. or filled into a soft gelatin capsule. 
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For rectal administration, the compounds of this invention may also be 
combined with excipients such as cocoa butter, glycerin, gelatin or polyethylene 
glycols and molded into a suppository. 

5 Utility of the Present Invention 

The compounds of Formula I are useful as protease inhibitors, particularly a 
inhibitors of cysteine and serine proteases, more particularly as inhibitors of cystein 
proteases, even more particularly as inhibitors of cysteine proteases of the papain 
superfamily, yet more particularly as inhibitors of cysteine proteases of the 
10 cathepsin family, most particularly as inhibitors of cathepsin K. The present 

invention also provides useful compositions and formulations of said compounds, 
including pharmaceutical compositions and formulations of said compounds. 

The present compounds are useful for treating diseases in which cysteine 
proteases are implicated, including infections by Pneumocystis carinii. trypsanoma 
15 crozi, trypsanoma brucei, and Crithidia fusiculata; as well as in schistosomiasis, 
malaria, tumor metastasis, metachromatic leukodystrophy, muscular dystrophy, 
amytrophy; and especially diseases in which cathepsin K is implicated, most 
particularly diseases of excessive bone or cartilage loss, including osteoporosis, 
gingival disease including gingivitis and periodontitis, arthritis, more specifically, 
20 osteoarthritis and rheumatoid arthritis, Paget 's disease; hypercalcemia of 
m ali gn ancy, and metabolic bone disease. 

Metastatic neoplastic cells also typically express high levels of proteolytic 
enzymes that degrade the surrounding matrix, and certain tumors and metastatic 
neoplasias may be effectively treated with the compounds of this invention. 
25 The present invention also provides methods of treatment of diseases caused 

by pathological levels of proteases, particularly cysteine and serine proteases, more 
particularly cysteine proteases, even more particularly as inhibitors of cysteine 
proteases of the papain superfamily, yet more particularly cysteine proteases of the 
cathepsin family, which methods comprise adrninistering to an animal, particularly a 
JO mammal, most particularly a human in need thereof a compound of the present 
invention. The present invention especially provides methods of treatment of 
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diseases caused by pathological levels of cathepsin K, which methods comprise 
administering to an animal, particularly a mammal, most particularly a human in 
need thereof an inhibitor of cathepsin K, including a compound of the present 
invention. The present invention particularly provides methods for treating diseases 
5 in which cysteine proteases are implicated, including infections by Pneumocystis 
carinii, trypsanoma cruzi, tiypsanoroa brucei, and Crithidia fusiculata; as well as in 
schistosomiasis, malaria, tumor metastasis, metachromatic leukodystrophy, 
muscular dystrophy, amytrophy, , and especially diseases in which cathepsin K is 
implicated, most particularly diseases of excessive bone or cartilage loss, including 
10 osteoporosis; gingival disease including gingivitis and periodontitis, arthritis, more 
specifically, osteoarthritis and rheumatoid arthritis, Paget' s disease, hypercalcemia 
of malignancy, and metabolic bone disease. 

This invention further provides a method for treating osteoporosis or 
inhibiting bone loss which comprises internal administration to a patient of an 
IS effective amount of a compound of Formula I, alone or in combination with other 
inhibitors of bone resorption, such as bisphosphonates (i.e., alendronate), hormone 
replacement therapy, anti-estrogens, or calcitonin. In addition, treatment with a 
compound of this invention and an anabolic agent, such as bone morphogenic 
protein, iproflavone, may be used to prevent bone loss or to increase bone mass. 
20 For acute therapy, parenteral administration of a compound of Formula I is 

preferred. An intravenous infusion of the compound in 5% dextrose in water or 
normal saline, or a similar formulation with suitable excipients, is most effective, 
although an intramuscular bolus injection is also useful. Typically, the parenteral 
dose will be about 0.01 to about 100 mg/kg; preferably between 0. 1 and 20 mg/kg, 
25 in a manner to maintain the concentration of drug in the plasma at a concentration 
effective to inhibit cathepsin K. The compounds are administered one to four times 
daily at a level to achieve a total daily dose of about 0.4 to about 400 mg/kg/day. 
The precise amount of an inventive compound which is therapeutically effective, 
and the route by which such compound is best administered, is readily determined 
30 by one of ordinary skill in the art by comparing the blood level of the agent to the 
concentration required to have a therapeutic effect. 
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The compounds of this invention may also be administered orally to the 
patient, in a manner such that the concentration of drug is sufficient to inhibit bone 
resorption or to achieve any other therapeutic indication as disclosed herein. 
Typically, a pharmaceutical composition containing the compound is administered 
5 at an oral dose of between about 0. 1 to about 50 mg/kg in a manner consistent with 
the condition of the patient. Preferably the oral dose would be about 0.5 to about 20 
mg/kg. 

No unacceptable toxicological effects are expected when compounds of the 
present invention are administered in accordance with the present invention. 

10 

Biological Assays 

The compounds of this invention may be tested in one of several biological 
assays to determine the concentration of compound which is required to have a 
given pharmacological effect 

15 

Determination of cathepsin K proteolytic catalytic activity 

All assays for cathepsin K woe carried out with human recombinant 
enzyme. Standard assay conditions for the determination of kinetic constants used a 
fluorogenic peptide substrate, typically Cbz-Phe-Arg-AMC, and were determined in 

20 100 mM Na acetate at pH 5.5 containing 20 mM cysteine and 5 mM EDTA. Stock 
substrate solutions were prepared at concentrations of 10 or 20 mM in DMSO with 
20 uM final substrate concentration in the assays. All assays contained 10% DMSO. 
Independent experiments found that this level of DMSO had no effect on enzyme 
activity or kinetic constants. Ail assays were conducted at ambient temperature. 

25 Product fluorescence (excitation at 360 nM; emission at 460 nM) was monitored 
with a Perceptive Biosystems Cytofluor U fluorescent plate reader. Product 
progress curves were generated over 20 to 30 minutes following formation of AMC 
product. 



30 



68 



WO 97/16433 PCT/US96A18000 
Inhibition studies 

Potential inhibitors were evaluated using the progress curve method. Assays 
were carried out in the presence of variable concentrations of test compound 
Reactions were initiated by addition of enzyme to buffered solutions of inhibitor and 
5 substrate. Data analysis was conducted according to one of two procedures 
depending on the appearance of the progress curves in the presence of inhibitors. 
For those compounds whose progress curves were linear, apparent inhibition 
constants (K^app) were calculated according to equation 1 (Brandt et a/., 
Biochemitsry, 1989,25, 140): 

10 

v = VmA/[Ka(l + UKi, app) +A7 

(1) 



where v is the velocity of the reaction with maximal velocity V m , A is the 
1 5 concentration of substrate with Michaelis constant of Kq, and / is the concentration 
of inhibitor. 

For those compounds whose progress curves showed downward curvature 
characteristic of time-dependent inhibition, the data from individual sets was 
analyzed to give kobs according to equation 2: 

20 

[AMC] o Vss t + (vo - vss) [1 - exp (-kobsOJ/kobs 

(2) 



where [AMC] is the concentration of product formed over time t t vo is the initial 
25 reaction velocity and v w is the final steady state rate. Values for kobs were then 
analyzed as a linear function of inhibitor concentration to generate an apparent 
second order rate constant (kobs I inhibitor concentration or kobs / PI) describing 
the time-dependent inhibition. A complete discussion of this kinetic treatment has 
been fully described (Morrison et al. 9 Adv. Enzymol Relat Areas Mol BioL, 1988, 
30 67, 201). 
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Human Osteoclast Resorption Assay 

Aliquots of osteoclastoma-derived cell suspensions were removed from 
liquid nitrogen storage, wanned rapidly at 37°C and washed xl in RPMI 1640 
medium by centrifugation (lOOOrpm, 5 min at4°Q. The medium was aspirated and 
5 replaced with murine anti-HLA-DR antibody, diluted 1:3 in RPMI- 1640 medium, 
and incubated for 30 min on ice The cell suspension was mixed frequently. 

The cells were washed x2 with cold RPMI- 1640 by centrifugation (1000 
rpm, 5 min at 4°C) and then transferred to a sterile 15 mL centrifuge tube. The 
number of mononuclear cells were enumerated in an improved Neubauer counting 
10 chamber. 

Sufficient magnetic beads (5 / mononuclear cell), coated with goat anti- 
mouse IgG, were removed from their stock bottle and placed into 5 mL of fresh 
medium (this washes away the toxic azide preservative). The medium was removed 
by immobilizing the beads on a magnet and is replaced with fresh medium 

The beads were mixed with the cells and the suspension was incubated for 
30 min on ice. The suspension was mixed frequently. The bead-coated cells were 
immobilized on a magnet and the remaining cells (osteoclast-rich fraction) were 
decanted into a sterile 50 mL centrifuge tube. Fresh medium was added to the bead- 
coated cells to dislodge any trapped osteoclasts. This wash process was repeated 
20 xlO. The bead-coated cells were discarded. 

The osteoclasts were enumerated in a counting chamber, using a large-bore 
disposable plastic pasteur pipette to charge the chamber with the sample. The cells 
were pelleted by centrifugation and the density of osteoclasts adjusted to 
1 5xlo4/mL in EMEM medium supplemented with 10% fetal calf serum and 
25 1.7g/litre of sodium bicarbonate. 3 mL aliquots of the cell suspension (per 

treatment) were decanted into 15 mL centrifuge tubes. These cells were pelleted by 
centrifugation. To each tube 3 mL of the appropriate treatment was added (diluted 
to 50 uM in the EMEM medium). Also included were appropriate vehicle controls, 
a positive control (87MEM1 diluted to 100 ug/mL) and an isotype control (IgG2a 
30 diluted to 100 ug/mL). The tubes were incubate at 37°C for 30 min. 
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0,5 mL aliquots of the cells were seeded onto sterile dentine slices in a 48- 
well plate and incubated at 37°C for 2 h. Each treatment was screened in 
quadruplicate. The slices were washed in six changes of warm PBS ( 10 mL / well 
in a 6-well plate) and then placed into fresh treatment or control and incubated at 
5 37°C for 48 h. The slices were then washed in phosphate buffered saline and fixed 
in 2% glutaraldehyde (in 0.2M sodium cacodylate) for S min., following which they 
were washed in water and incubated in buffer for 5 min at 37°C. The slices were 
then washed in cold water and incubated in cold acetate buffer / fast red garnet for 5 
min at 4°C. Excess buffer was aspirated, and the slices were air dried following a 
10 wash in water. 

The TRAP positive osteoclasts were enumerated by bright-field microscopy 
and were then removed from the surface of the dentine by sonication. Pit volumes 
were determined using the Nikon/Lasertec ILM21W confocal microscope. 

IS General 

Nuclear magnetic resonance spectra were recorded at either 250 or 400 MHz 
using, respectively, a Bruker AM 250 or Bruker AC 400 spectrometer. CDCI3 is 
deuteriochloroform, DMSOd6 is hexadeuteriodimethylsulfoxide, and CD3OD is 
tetradeuteriomethanol. Chemical shifts are reported in parts per million (d) 

20 downfield from the internal standard tetramethylsilane. Abbreviations for NMR 
data are as follows: $ = singlet, d = doublet, t = triplet, q = quartet, m = multiples dd 
= doublet of doublets, dt = doublet of triplets, app = apparent, br = broad. J 
indicates the NMR coupling constant measured in Hertz. Continuous wave infrared 
(JR.) spectra were recorded on a Perkin-Elmer 683 infrared spectrometer, and 

25 Fourier transform infrared (FTIR) spectra were recorded on a Nicolet Impact 400 D 
infrared spectrometer. IR and FTIR spectra were recorded in transmission mode, 
and band positions are reported in inverse wavenumbers (cm* 1 ). Mass spectra were 
taken on either VG 70 FE, PE Syx API m or VG ZAB HF instruments, using fast 
atom bombardment (FAB) or electrospray (ES) ionization techniques. Elemental 

30 analyses were obtained using a Perkin-Elmer 240C elemental analyzer. Melting 
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points were taken on a Thomas-Hoover melting point apparatus and are uncorrected. 
All temperatures are reported in degrees Celsius. 

Analtech Silica Gel GF and E. Merck Silica Gel 60 F-254 thin layer plates 
were used for thin layer chromatography. Both flash and gravity chromatography 
5 were carried out on E. Merck Kieselgel 60 (230-400 mesh) silica gel. 

Where indicated, certain of the materials were purchased from the Aldrich 
Chemical Co., Milwaukee, Wisconsin, Chemical Dynamics Corp., South Plainfield, 
New Jersey, and Advanced Chemtech, Louisville, Kentucky. 

10 Examples 

In the following synthetic examples, temperature is in degrees Centigrade 
(°Q. Unless otherwise indicated, all of the starting materials were obtained from 
commercial sources. Without further elaboration, it is believed that one skilled in 
the ait can, using the preceding description, utilize the present invention to its fullest 

15 extent. These Examples are given to illustrate the invention, not to limit its scope. 
Reference is made to the claims for what is reserved to the inventors hereunder. 



Example 1 

Preparation Of flS,1\SV2-n)en™ioxvcarhonvlta^ 

20 vl)-3 , -methvlhiitvn^-mi»rt 1 Y lDentanamid e 

a) N-benzyloxycarbonyl-L-leucinyl-L-leucinyl bromomethylketone 

1 -Methyl-3-nitro- 1 -nitrosoguanidine (5.9 g, 40. 1 1 mmol) in ether (200 mL) 
is cooled to 0°C. 40% potassium hydroxide is added slowly and the diazomethane is 
allowed to collect in the ether solution for 30 minutes at 0°C. 

25 N-Cbz-L-Leucinyl-L-Leucine (Bachem) (4.0 g, 10.58 mmol) is stiired in 

tetrahydrofuran at -40°C. N-methylmorpholine (1.07 g, 10.58 mmol, 1.16 mL) and 
isobutyl chlorofonnate (1.45 g, 10.58 mmol, 1.38 mL) are added. The mixture is 
stiired at -40°C for 15 minutes and then filtered into a cold flask to remove 
precipitated salts. To the filtered solution is added an excess of the previously 

30 prepared diazomethane solution and the mixture is allowed to stand at 0°C for 16 h. 
An excess of 30% HBr in acetic acid is added at 0°C and the solution is then washed 

72 



WO 97/1 6433 



PCMJS96/18000 



successively with 1.0N citric acid, saturated aqueous sodium bicarbonate (carefully), 
and brine. The solution is dried over sodium sulfate, filtered, and evaporated to give 
the title compound as a white solid (4.10 g). *H NMR (400 MHz, CDCI3) 6 7.34 
(m, 5H), 6.51 (d, 1H), 5.15 (d, 1H), 5.10 (s, 2H), 4.78 (m, 1H), 4.20 (m, 1H), 4.04 
5 (dd, 2H), 1.63 (m, 6H), 0.93 (m, 12H). 

b) (2S,l'S)-2^nzyloxycarbonyl)animo-N-[l^^^ 
methylbutyl]-4-methylpentanamide 

The compound of Example 1(a) (2.0 g, 4.4 mmol) and ethyl thiooxamate 
10 (0.59 g, 4.4 mmol) were re fluxed in ethanol for 4 h. The solvent was evaporated and 
the residue chromatographed (silica gel, 2.5% methanol/dichloromethane) to give 
the tide compound as a white solid (1.46 g). ! H NMR (400 MHz, CDCI3) 5 7.32 (s, 
1H), 7.21 (m, 5H), 6.40 (d, 1H), 5.13 (dd, 1H), 5.02 (s, 2H), 4.41 (q, 2H), 4.06 (m, 
1H), 1.71 (m, 2H), 1.47 (m. 4H), 1.33 (t, 3H), 0.73 (m, 12H). 

15 

E*ample2 

Preparation of (2S.rSV2-fl>enzvloxvcflfhnnvnami no-N-ri , -f2-carboxvthiazol^-vlV 
3'-methYlbutylH-me&ylpeptMamjde 

The compound of Example 1(c) (0.92 g, 1.88 mmol) was stirred in 

20 tetrahydrofuran at 0°C with 1.0N sodium hydroxide. After stirring for 1 h, the 
solution was quenched with 1.0N citric acid and extracted three times with 
dichloromethane. The combined organic extracts were evaporated in vacuo to give 
the title compound as a white solid (0.844 g). »H NMR (400 MHz, CDCI3) 5 7.40 
(s, 1H), 7.23 (m, 5H), 6.89 (d, 1H), 5.22 (d, 1H), 5. 14 (dd, 1H), 5.02 (s, 2H), 4.15 

25 (m, 1H), 1.67 (m, 2H), 1.44 (m, 4H), 0.81 (m, 12H). 

Example 3 

Preparation of (2S.l , SV2-fbenzvloxvcarbonvnaniin o-N-ri '-f2-carboxamidothiazol- 
4-vlV3 , -methvlhutvn-4-methvlpentanamittp. 
30 The compound of Example 2 (0.408 g, 0.88 mmol) in tetrahydrofuran was 

cooled to -40°C and treated with N-methylmorphoIine (0.185 g, 1.85 mmol, 0.2 
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mL) and isobutyl chlorofonnaie (0.12 g, 0.88 mmol, 0.1 1 mL). The mixture was 
stirred at -40°C for 15 minutes and then ammonia was bubbled through the solution 
for several minutes. The mixture was allowed to warm to room temperature and 
was then diluted with ethyl acetate and washed successively with 1.0N citric acid, 
5% aqueous sodium bicarbonate, and brine. The organic solution was dried over 
magnesium sulfate, filtered, and evaporated to a residue which was 
chromatographed (silica gel, 3% mcthanol/dichloromethane) to give the tide 
compound as a white solid (0.245 g). lH NMR (400 MHz, CDCI3) 5 7.22 (m, 5H), 
7.04 (s, IH), 6.40 (br s, 1H), 5.51 (br s, 1H), 5.09 (m, 1H), 5.02 (dd, 2H), 4.07 (m, 
1H), 1.66-1.42 (m, 6H), 0.82 (m, 12H). 



Preparation Of (2S J'Sl2-rt)enzvloxvttirhonvl WnrvN.f l' . f2-cv a nfttht a T^^. Y l >-'*'- 
methvlbutvn-4-methvlpenfanami^t. 

The compound of Example 3 (0. 185 g, 0.4 mmol) was dissolved in 
dichloromethane, cooled to 0°C and treated with TFAA (0.093 g, 0.44 mmol, 0.06 
mL) and pyridine (0.07 g, 0.88 mmol. 0.07 mL). After 3 h, the mixture was poured 
into a solution of saturated aqueous sodium bicarbonate and extracted with 
dichloromethane. The organic extracts were washed with 5% hydrochloric acid and 
brine, dried over magnesium sulfate, filtered, and evaporated to an oil which was 
chromatographed (silica gel, 40% ethyl acetate/hexane) to give the title compound 
as a white solid (0.095 g). *H NMR (400 MHz, CDCI3) 5 7.44 (s, 1H), 7.29 (s, 
5H), 6.51 (brd, 1H), 5.14 (m, 1H), 5.07 (s. 2H),4.11 (m, 1H), 1.78-1.41 (m, 6H), 
0.83 (m, 12H). 



Example? 

Preparation Of (2S. 1 'S^-fbenzvloxvcarhonv n amino-N-n '-r?.fN'. 
Penzvlcart>OTa n ridp)fa 

To a solution of the compound of Example 2 (0. 12 g, 0.26 mmol) in 
dichloromethane under argon at room temperature is added benzylamine (0.03 g, 
0.29 mmol, 0.03 mL), BOP reagent (0.1 15 g, 0.26 mmol), and triethyl amine (0.026 
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g, 0.26 nunol, 0.04 mL) which is allowed to stir for 16 h. The solution is washed 
with water, then brine and the organic layer is dried over magnesium sulfate, 
filtered, and evaporated to give a residue which was chromatographed (silica gel, 
40% ethyl acetate/hexane) to give the tide compound as a white solid (0.06S g). l H 
5 NMR (400 MHz, CDCI3) 8 7.56 (br s, 1H), 7.33 (m, 10H), 6.48 (br d. 1H), 5.15 
(dd, 1H), 5.03 (s, 2H), 4.63 (d, 2H), 4.12 (m, 1H), 1.72-1.40 (m, 6H), 0.85 (m, 
12H). 

KTamplft 6 

10 Preparation of (2S.rSl2-rt>en™ioxv C ^ 
methvlpmpvl^T^Tfln^oft^ 

Following the procedure of Example 5, except substituting isobutylamine for 
benzylamine, the title compound was prepared (0.074 g). ] H NMR (400 MHz, 
CDCI3) 8 7.27 (s, 5H), 7.19 (s, 1H). 6.38 (br d, 1H), 5.09 (m, 1H), 5.01 (s, 2H), 
15 4.07 (m, 1H), 3.20 (dd, 2H), 1.83 (m, 1H), 1.69-1.40 (m, 6H), 0.90 (d, 6H). 0.81 
(m, 12H). 

EampkLZ 

Preparation of f2S.rSV2-ny;nzvloxv C aifaonvnainino-N-rr-r2-rN , -f2- 
20 pbenvlethvl^arboxamidolthiazol^vll-S'-methvIbutvll^methvlnentanaiTiidp 
Following the procedure of Example 5, except substituting 2- 
phenylethylamine for benzylamine, the title compound was prepared (0.070 g). *H 
NMR (400 MHz, 0X33) 8 7.30-7.1 1 (m, 1 1H), 6.35 (br d, 1H), 5.09 (m, 1H), 5.01 
(s, 2H), 4.05 (m, 1H), 3.64 (m, 2H), 2.87 (t, 2H), 1.69-1.40 (m, 6H), 0.80 (m, 
25 12H). 
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Example 8 

EffiBaaUon Of (2S. 1 'SV2^nzvloxv(ariionvn am in o.N-rr^4^ a Thnethoxvthi a7 ff |.9. 
vD-a'-methvlhutvn^-methvlpftntaiiamtrtP 

a) N-*e/t-biitoxycarbonyl-(L)-leucinamide 

5 To a solution of N-tert-butoxycarbonyl-(L)-leucine (Advanced Chemtcch) 

(5.0 g, 20.0 mmol ) in dry THF (lOOmL) at -40°C was added isobutyl chlorofonnate 
(2.7 g, 20.0 mmol) and N-methylmorphiline (4.2 g, 42 mmol). After 15 minutes of 
stirring, ammonia was bubbled through the mixture for an additional 15 minutes, 
then warmed to room temperature and allowed to stir for 2 hours. Mixture filtered 
10 and filtrate concentrated in vacuo to yield title compound as a white solid (4.9 g, 
19.7 mmol). lH NMR (400 MHz, CDCI3) 5 6.38 (br s, 1H ), 5.79 (br s, 1H), 5.04 
(br d, 1H), 4.13 (m, 1H), 1.71-1.49 (m, 3H), 1.39 (s, 9H), 0.92 (dd, 6H). 

b) N-tert-butoxycarbonyl-L-leucinethioamide 

15 To a stirring solution of the compound of Example 8(a) (2.38 g, 10.35 

mmol) in dry THF was added Lawessons reagent (2.51 g, 6.21 mmol) and the 
mixture was stirred at room temperature under argon overnight The solvent was 
evaporated and the residue chromatograpbed (silica gel, 2 J5% 
methanol/dichloromethane) to give the title compound as a white solid (2.3 g). >H 

20 NMR (400 MHz, CDCI3) 8 854 (br s, 1H), 7.97 (br s, 1H), 5.28 (br d, 1H). 452 
(m, 1H), 1.72-1.58 (m, 3H), 1.40 (s, 9H), 0.92 (d, 6H). 



c) ( IS)- 1 -(tert-butoxycaibonyl)amino- 1 -(4-carboethoxythiazol-2-yl)-3- 
methylbutane 

The compound of Example 8(b) (2.40 g, 9.76 mmol) was stirred in dry 
acetone (20 mL) under argon at -10°C. Ethylbromopyruvate (2.12 g, 10.73 mmol, 
1.35 mL) was added and stirred for 1 h at -10°C. The solution was poured into a 
well stirred mixture of chloroform and water and then saturated with sodium 
bicarbonate. The organic phase was separated and the aqueous layer extracted with 
chloroform. The combined organic extracts were dried over MgS04, filtered, and 
evaporated to an oil. The oily residue was treated with TFAA (2.19 g, 10.73 mmol, 
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1.5 mL) and pyridine (1.70 g, 21.47 mmol, 1.75 mL) in dichloromethane for I b at - 
20°C. Excess solvent was removed in vacuo and the residue was dissolved in 
dichloromethane. The solution was washed with saturated aqueous sodium 
bicarbonate and 1.0N KHSO4 until pH 7. The solution was dried over sodium 
5 sulfate, filtered, and evaporated to an oil which was chromatographed (4% 
methanol/dichloromethane) to give the title compound as a tan solid ( 1 .2 g). 1 H 
NMR (400 MHz, CDCI3) 8 7.98 (s, 1H), 5.04 (br d, 1H), 4.95 (m, 1H), 4.31 (q, 
2H), 1.88 (m, 1H), 1.63 (m, 2H), 1.40 (s, 9H), 1.32 (t, 3H), 0.85 (dd, 6H). 

10 d) ^S.l'S^^nzyloxycarbonyOamta^ 
methylbutyl]-4-methylpentanamide 

The compound of Example 8(c) ( 1 .0 g, 2.92 mmol) was dissolved in neat 
TFA (1.0 mL) and stirred for 15 minutes. The solution was diluted with methanol 
and evaporated in vacuo. A portion of the residue obtained (0.36 g, 1 .49 mmol) was 

15 dissolved in dichloromethane with N-Cbz-L-leucine (0.394 g, 1 .49 mmol) , BOP 
reagent (0.66 g, 1.49 mmol) , and triethylamine (0.73 g, 7.2 mmol, 1.0 mL) and 
stirred at room temperature for 16 h. The solution was washed with water, then 
brine and dried over magnesium sulfate, filtered, and evaporated to a residue which 
was chromatographed (silica gel, 40% ethyl acetate/hexane) to give the tide 
20 compound as a white solid (0.396 g). *H NMR (400 MHz, CDCI3) 6 7.96 (s, 1H), 
7.25 (s, 5H), 6.61 (br d, 1H), 5 JO (m, 1H), 5.09 (br d, 1H), 5.01 (s, 2H), 4.33 (q, 
2H), 4.10 (m, 1H), 1.90-1.58 (m, 6H), 1.29 (t, 3H), 0.81 (dd, 12H). 

25 Preparation of (2S.rsv2-a>enzvloxvca^^ 

a'-methvlbutvll^methvlpentanamide 

Following the procedure of Example 2, except substituting (2S,rS)-2- 

(benzyloxycarbonyl)amino-N-[ 1 , -(4-carboethoxythiazoI-2-yl)-3 , -methyIbutyl]-4- 

methylpentanamide for (2S,l'S>2-(ben2yloxycarbonyl)amino-N-[l , -(2- 
30 carboxythiazol-4-yl)-3 -methylbutyl]-4-methylpentanamide, the tide compound was 

prepared (0.301 g). ! H NMR (400 MHz, CDCI3) 6 8.06 (s, 1H), 7.24 (m, 5H), 7.1 1 
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(d, 1H), 5.30 (m, 2H), 5.04 (s, 2H), 4.16 (m, 1H), 1.88-1.40 (m, 6H), 0.71 (dd, 
12H). 

Example 10 

5 PreDaradonof(2S.rSV2-rhi>nzvloTv gfl rtinfiv n am ino.N.nU4. 
«^thoxrthiadia7rf)l-2^^ 

a) N-terr-butoxycarbonyl-L-leucine methyl ester 

To a stirring suspension of L-leucine methyl ester hydrochloride (Aldrich) 
(6.00 g, 33.0 mmol) and di-im-buty] dicarbonate (7.21 g, 33.0 mmol) in THF (35 

10 mL) was added triethylamine (334 g, 33.0 mmol, 4.60 mL). The mixture was 
allowed to stir at room temperature for 3 d. The mixture was diluted with ethyl 
acetate and washed with 1 N HC1 (2 times), water, and saturated brine, then dried 
over magnesium sulfate, filtered and concentrated to give the title compound as a 
colorless oil (8.02 g, 99%). >H NMR (400 MHz, CDCI3) 8 4.88 (d, 1H), 4.33-U 1 

15 (m, 1H), 7.73 (s, 3H), 1.75-1.48 (m, 3H). 1.44 (s, 9H). 0.96 (d, 3H), 0.93 (d, 3H). 

b) N-rm-butoxycarbonyl-L-leucine hydrazide 

To a stirring solution of the compound of Example 10(a) (8.02 g, 32.7 
mmol) in methanol (250 mL) was added hydrazine hydrate (16.38 g, 327 mmol, 
20 15.9 mL). After stirring for 22 h at room temperature, the solution was 

concentrated and the residue was azeotroped with toluene to provide the title 
compound as a white foam (8.02 g, 100%). l H NMR (400 MHz, CDCI3) 8 7.71 (br 
s, 1H), 4.99 (d, 2H), 4.12-4.10 (m, 1H), 3.94 (br s, 2H), 1.68^.49 (m, 3H), 1.44 (s, 
9H), 0.95 (d, 3H), 0.92 (d, 3H). 

25 

c) (2S)-N-[2-(benzyloxy<arbonyl)anuno-4-methylpentanoyl>N'- 
carboethoxycarbonylhydrazide 

To a stirring solution of the compound of Example 10(b) (8.02 g, 32.7 
mmol) and pyridine (2.85 g, 36.0 mmol, 2.91 mL) in dichloromethane (200 mL) 
30 was added ethyl oxalyl chloride (4.91 g, 36.0 mmol, 4.02 mL). After stirring at 
room temperature for 2 h, thye solution was washed with 1 N HC1, water, saturated 
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aqueous sodium bicarbonate and saturated brine, then dried over magnesium sulfate, 
filtered, and concentrated to afford the title compound as a white foam (9.84 g, 
87%). l H NMR (400 MHz, CDCI3) 5 9.32 (br s, 2H), 5.04 (d, 2H) t 4.38 (q, 2H), 
4.28 (m, 1H), 1.77-1.56 (m, 3H), 1.44 (s, 9H), 1.39 (t, 3H), 0.96 (d, 3H), 0.94 (d, 
5 3H). 

d) (lSH-(te^-butoxycaibonyl)amino-H4^ 
methylbutane 

To a stirring solution of the compound of Example 10(c) (2.50 g, 7.24 
10 mmol) in toluene (70 mL) was added Lawesson's reagent (1.46 g, 3.62 mmol). The 
mixture was heated at reflux for 3 h. The solution was diluted with ether, washed 
with saturated aqueous sodium bicarbonate and saturated brine, then dried over 
magnesium sulfate, filtered and concentrated to leave a pale yellow oil. The crude 
material was purified by flash chromatography on 75 g of 230-400 mesh silica gel. 
1 5 eluting with. 1 :4 ethyl acetate/hexanes, to provide the title compound as a pale 

yellow solid (1.75 g, 70%). *H NMR (400 MHz, CDCI3) 5 5.19 (m, 1H), 5.13 (d, 
1H), 4.51 (q, 2H), 1.95 (m, 1H), 1.83-1.73 (m, 2H), 1.44 (s, 9H), 1.00 (d, 3H), 0.98 
(d,3H). 

20 e) ( 1 S)- 1 -amino- 1 ^4-<^rboethoxythiadiazoI-2-yl)-3-inethylbutane bis- 

trifluoroacetate salt 

To a stirring solution of the compound of Example 10(d) (1.75 g, 5.1 mmol) 

in dichloromethane (40 mL) was added TF A (10 mL). After stirring for 5 min at 

room temperature, the solution was concentrated to give the title compound as an 
25 oily pale yellow solid (2.40 g, 100%). lH NMR (400 MHz, CDCI3) 5 9.83 (br s, 

4H), 5.20 (m, 1H), 4.51 (q, 2H), 2.07 (m, 2H), 1.70 (m, 1H), 1.44 (t, 3H), 1.00 (t, 

3H). 

f) (2S,rS)-2-(benzyloxyaubonyl)ainino-N-[ r-(4-caiboethoxythiadiazol-2-yl)-3 - 
30 methylbutyl]-4-methylpentanamide 
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To a stirring solution of the compound of Example 10(e) (566.1 mg, 1.20 
mmol), N-Cbz-L-Ieucine (250.5 mg, U2 mmol), H3Kiimemylaniinopropyl)-3- 
emykarbodiimide hydrochloride (253.3 mg, 132 mmol) and 1- 
hydroxybenzotriazole (323 mg, 0.24 mmol) in 2.5 mL of DMF was added 
5 triethylamine (243.1 mg, 2.40 mmol, 0.335 mL). After stirring at room temperature 
for 3d, the mixture was diluted with ethyl acetate and washed with water, saturated 
aqueous sodium bicarbonate and saturated brine, then dried over magnesium sulfate, 
filtered and concentrated to give a yellow oil. The cride material was purified by 
flash chromatography on 20 g of 230-400 mesh silica gel, eluting with 1 :2 ethyl 
10 acetate/hexanes, to provide the title compound as a white solid (271 mg, 46%). *H 
NMR (400 MHz, CDQ 3 ) 8 7.35 (s. 5H), 6.77 (d, 1H), 5.49 (m, 1H), 5.12 (dd, 2H), 
4.51 (q, 2H), 4.20 (m, 1H). 1.97(m, 1H), 1.88 (m, 1H), 1.66 (m, 3H), 1.52 (m, 1H), 
1.45 (t, 3H), 0.97-0.92 (m, 12H). 

15 Example 1 1 

Preparation Of (?„<) 1\SV?-n?em^loxvcafhonvn a fnin».Nr- fr-f2-c a rfio-7 i C> i 2- 
triflUOIOethoXVThiaTOl^vlVS^merhvlhiil vn^n^hvlr ^tanami^ 

The compound of Example 2 (0.200 g, 0.433 mmol). 1,1,1 trifluoroethanol 
(.052 g, 0.52 mmol, .04 mL), pyridine (0.1 mL), and di-t-butyl dicarbonate (0.104 

10 g. 0.477 mmol) were stirred in ethyl acetate at room temperature for 16 h. The 
solution was diluted with ethyl acetate and washed successively with 5% 
hydrochloric acid, 10% aqueous sodium bicarbonate, and brine. The organic layer 
was dried over magnesium sulfate, filtered, and evaporated to give a residue which 
was chromatographed (silica gel, 20 % ethyl acetate/hexane) to give the tide 

5 compound as a white solid (.098 g). »H NMR (400 MHz, CDCI3) 8 7.50 (s, 1H), 
7.36 (s. 5H), 6.64 (d, 1H), 5.22 (m, 2H), 5.09 (s, 2H), 4.73 (m, 2H), 4.16 (m, 1H), 
1.66-1.41 (m, 6H), 0.87 (m, 12H). 
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Example 1? 

Preparation of (2S.rsV2^benzvloxvcart>onvI)afnino-N-rr-(4> 
carboethoxvoxadiazol^ 

a) ( IS)- 1 -(terf-butoxycarbonyl)amino- l-(4-cart>oethoxyoxadiazol-2-yl)-3- 
5 mcthylbutane 

To a stirring solution of the compound of Example 10(c) (2.50 g, 7.24 
mmol) and pyridine (1.49 g, 18.8 mmol, 1.52 mL) in ether (15 mL) was added 
thionyl chloride (1.12 g, 9.41 mmol, 0.69 mL). After stirring at room temperature 
for 2 h, the solid was removed by filtration and the filtrate was concentrated. The 

10 residue was dissolved in toluene and heated at reflux. After 12 h, the solution was 
concentrated to leave a brown oil. The residue was purified by flash 
chromatography on 175 g of 230-400 mesh silica gel, eluting with 1 :4 ethyl 
acetate/hexanes, to give the title compund as a pale yellow oil (0.84 g, 35%). *H 
NMR(400MHz t CDa3)85.14(m, 1H), 5.03 (brd, 1H),4.52 (q, 2H), 1.78-1.70 

15 (m, 3H), 1.44 (s, 9H), 0.99 (d, 6H). 

b) (1S)-1 -amino- 1 -(4-carboethoxyoxadiazol-2-yl)-3-methylbutane 

Following the procedure of Example 10(e), except substituting ( IS)- Hterr- 
butoxycarbonyl)amino-l-(4-carboethoxyo for (1S)-1- 

20 (terr-butoxycarbonyl)amino- 1 -(4-carboethoxythiadiazol-2-y l)-3 -methylbutane, the 
title confound was prepared (582 mg, 100%). *H NMR (400 MHz, CDCI3) 6 4.99 
(t, 1H), 4.52 (q, 2H), 2.10-2.02 (m, 2H), 1.77-1.70 (m, 1H), 1.44 (t, 3H), 1.00 (t, 
6H). 

25 c) (2S, 1 *S)-2-(benzyloxycarbonyl)amino-N- 1 1 , -(4-carboethoxyoxadiazol-2-yl)-3 1 - 
methyIbutyl]-4-methylpentanamide 

Following the procedure of Example 10(f), except substituting (1S)-1- 
amino- 1 -(4-carboethoxyoxadiazol-2-yl)-3-methylbutane for (1S)-1 -amino- 1 -(4- 
carboethoxythiadiazol-2-yl)-3-inethylbutane 1 the title compound was prepared (235 

30 mg, 39%). *H NMR (400 MHz, CDCI3) 5 7.26 (s, 5H), 6.64 (s, 1H), 5.45-5.39 (m, 
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1H), 5.12 (m, 3H), 4.52 (q, 2H), 4.20 (m, 1H). 1.81 (m, 2H), 1.68-1.64 (m, 3H), 
1.54-1.50 (m, 1H), 1.46 (t, 3H), 0.97-0.92 (m, 12H). 

5 PrPPafftiQn Of ("2S.1 'S ^-rhrnCTloxvcafhonvl-L-leurinvl ^ no-N-f 1 U^. 

cwtoethc-xvdj^ 

The compound of Example 8(c) (160.7 mg, 0.47 mmol) was dissolved in 
neat TFA (1.0 mL) and stirred for 15 minutes. The solution was diluted with 
methanol and evaporated to dryness. The residue was dissolved in DMF (2 mL) and 

10 to the resulting solution was added N-Cbz-L-leucinyl-L-leucine (194.0 mg, 0.52 
mmol), H3-dimemylanimopropyl)-3-emylcaibod^ hydrochloride (99.0 mg, 
0.52 mmol) and 1-hydroxybenzotriazole (13.0 mg, 0.094 mmol) and triemylamine 
(94.7 mg, 0.936 mmol, 0.13 mL). After stirring at room temperature for 24 h, the 
mixture was diluted with ethyl acetate and washed with water, saturated aqueous 

15 sodium bicarbonate and saturated brine, then dried over magnesium sulfate, filtered 
and concentrated. The residue was purified by flash chromatography on 230-400 
mesh silica gel, eluting with ethyl acetate/hexanes, to provide the tide compound 
(0.146 g). >H NMR (400 MHz, CDCI3) 5 8.04 (s. 1H), 7.33 (m, 5H), 7.14 (d, 1H), 
6.61 (d, 1H), 5.37 (m, 2H), 5.08 (m. 2H), 4.47 (m, 1H), 4.39 (q, 2H). 4.18 (m. 1H), 

20 1.98 - 1.45 (m, 9H), 1.38 (t, 3H), 0.94 - 0.86 (m, 18H). 

Example 14 

EttParation of (Z^^-n^nTvlnxv^rh nnvl^mmn.K.n'.^ 

carboxamidoox^ 

25 Ammonia was bubbled through a solution of the compound of Example 12 

(96.8 mg, 0.2 mmol) in ethanol (2 mL) for 5 inm. After stirring an additional 5 
min, the solution was concentrated to give the tide compound as a white solid (91.2 
mg, 98%). 1H NMR (400 MHz, CDCI3/CP3OD) 8 7.29 (s, 5H). 5.90 (d, 1H), 5.30 
(t, 1H), 5.04 (s, 2H), 4.15 (m, 1H), 1.76 (m, 2H), 1.59-1.43 (m, 4H), 0.92-0.85 (m, 

30 12H). 
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Stipple \5 
Preparation of (2S.rS)-2-fl)eP2Yloxvcar^^ 
ylV3'-Picthyfowtyll-3-p^ 

a) N^9-fluorenylmethoxycarbonylH^leucinyl bromomethyl ketone 

5 Following the procedure of Example 1(a), except substituting N-(9- 

fluorenylmethoxycarbonyl)-Heucine for N-benzyloxycaibonyl-L-leucinyl-L- 
leucine, the title compound was prepared (5.6 g). l H NMR (400 MHz, CDCI3) 6 
7.71 (d, 2H), 7.51 (d, 2H), 7.34 (dd, 2H), 7.22 (dd, 2H), 5.08 (d, 1H), 4.53 (m, 1H), 
4.36 (dd, 2H), 4.13 (dd, 2H), 3.89 (dd, 2H), 1.62-1.41 (m, 3H), 0.88 (m, 6H). 

10 

b) ( IS)- 1 ^2-caiboethoxythiazol-4^ 
methylbutane 

Following the procedure of Example 1(b), except substituting N-{9- 
fluorcnylmethoxycarbonyl)-L-leucinyl branomethyl ketone for N- 
15 Benzyloxycarbonyl-L-leuciny]-L-leucinyl bromomethylketone, the title compound 
was prepared (4.13 g). lH NMR (400 MHz, CDCI3) 5 7.72 (d, 2H), 7.49 (d, 2H), 
7.32 (dd, 2H), 7.22 (dd, 2H), 7.19 (s, 1H), 5.31 (d, 1H), 4.88 (m, 1H), 4.40 (q, 2H), 
4.28 (d, 2H), 4.08 (t, 1H), 1.62-1.41 (m, 3H), 1.36 (tfH), 0.88 (m, 6H). 

20 c) ( 1 S)- 1 -amino- 1 -(2-carboethoxythiazol-4-y])-3-methy lbutane 

The compound of Example 15(b) (0.5 g., 1.1 mmol) was stirred in a 5% 
piperidine/DMF solution for 10 minutes at room temperature. The solvents were 
evaporated and the solid obtained was dried in vacuo to give the tide compound 
(0.27 g). 

25 

d) (2S,l'S)-2-(benzyloxycailx^ 
methylbutyl]-3-phenylpn>panamide 

Following the procedure of Example 5, except substituting (IS)-l-amino-l- 
(2-carboethoxythiazol-4-yl)-3-methyIbutane for benzylamine, and N-Cbz-L- 
30 phenylalanine for (2S,l'S)-2-(benzyloxycaibonyO 

yl^S-methylbutylJ^methylpentanamide, the title compound was prepared (0.162 
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g). »H NMR (400 MHz, CDCI3) 8 721 (m, 5H), 7.1 1 (s, 1H), 7.04 (m, 5H), 6.12 
(d, 1H), 5.24 (d, 1H), 5.10 (q, 1H), 5.01 (s, 2H), 4.37 (q, 2H), 4.21 (m, 1H), 2.91 
(m, 2H), 1.62 (m, 3H), 1.37 (t, 3H), 0.81 (m, 6H). 

5 Example 16 

Preparation of (2S. 1 'SV2.fbenzvloxvcarfaoiivl-I^l e iicinvn a min».M.f \ 
caibocthoxvthiazoI^vlV3'-methvlbutvl1^methvlpr.nt a n a mi^ 

Following the procedure of Example 5, except substituting ( IS)- 1 -amino- 1- 
(2-carboethoxythiazol-4-yl)-3-methylbutane for benzylamine, and N-Cbz-L- 
10 leucinyl-L-leucine for (2S,l'S)-2-(benzyloxycarbonyl)ammo^^ 

carboxymiazol-4-yl)-3'-metty^^ the tide compound was 

prepared (0.098 g.). »H NMR (400 MHz, CDCI3) 8 7.39 (s, 1H), 7.25 (m, 5H). 
6.87 (d, 1H), 6.49 (d, 1H), 5J0 (d, 1H), 5.16 (q.lH), 4.99 (s, 2H), 4.36 (q, 2H), 
4.31 (m, 1H), 4.09 (m, 1H), 1.74-1.38 (m, 9H), 1.32 (t, 3H), 0.80 (m, 15H). 

15 

Example 17 

PjCPaaHOn of (2S.l'SV-2-n)enzvloxvcaibonvnainino- N-ri '-fS-meiraprn-l 7. 4- 

Oxadiazol-3-vlV3'-metfwlbutvlT-4-methvlpentanamirii» 

a) N-benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester 

20 N-Cbz-L-leucine (Chemical Dynamics) (1.32 g, 4.97 mmol), L-leucine 

methyl ester hydrochloride (Aldrich) (0.99 g, 5.47 mmol), 1 -hydroxy benzotriazole 
(0.14 g, 1.0 mmol) and I-(3-dUmemylanunopropyl)-3-emylcaibodiimide 
hydrochloride (1.05 g, 5.47 mmol) were combined, dissolved in 25 mL of DMF and 
stirred at room temperature for 15 h. The solution was diluted with ethyl acetate 

25 (250 mL) and washed successively with water, 0. 1 N HCL saturated aqeous 

NaHCOj and saturated brine, then dried (MgSCXt), filtered, and concentrated. The 
residue was purified by flash chromatography on 230-400 mesh silica gel, eluting 
with 1:3 ethyl acetate hexanes, to give the tide compound as a white solid (1 .28 g, 
66%). 1H NMR (400 MHz, CDCI3) 6 7.37-7.32 (m, 5H), 6.28 (d, 1H), 5.28 (m, 

30 3H), 4.61-4.58 (m, 1H), 4.20 (m, 1H), 3.74 (s, 3H), 1.69-1.54 (m, 6H), 0.96-0.92 
(m, 12H). 
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b) N-benzyloxycarbonyl-L4eucinyl-L-leucinylhydrazide 

To as stirring solution of the compound of Example 17(a) (1.28 g, 3.26 
mmol) in 25 mL of methanol was added hydrazine hydrate (1.63 g v 32.6 mmol, 1.58 
5 mL) and the solution was allowed to stir at room temperature for 15 h. The solution 
was evaporated to dryness to give the title compound as a white solid (1.28 g, 
100%). *H NMR (400 MHz, CDCI3) 5 8.05 (hr s, 1H), 7.35-7.32 (m, 5H), 6.67 (d, 
1H), 5.50 (d, 1H), 5.1 1 (s, 2H), 4.46 (m, 1H), 4.21 (m, 1H), 3.88 (br s, 2H), 1.64- 
1.51 (m, 6H), 0.92-0.88 (m, 12H). 

10 

c) (2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 '-(5-mercapto- 1 ,2,4-oxadiazol-3-yl)- 
3'-methylbutyl]-4-mettiylpentananiide 

To a stirring solution of the compound of Example 17(b) (0.3 g, 0.76 mmol) 
in 1.5 mL of chloroform was added triethylamine (0.155 g, 1.53 mmol, 0.213 mL) 

15 and thiophosgene (0.088 g, 0.76 mmol, 0.058 mL). The solution was heated at 

reflux for 3 h, then cooled to room temperature. The mixture was diluted with ethyl 
acetate, washed with water and saturated brine, dried (MgSC>4), filtered, and 
concentrated. The residue was purified by flash chromatography on 230-400 mesh 
silica gel, eluting with 11% methanol in dichloromethane, to give the title 

20 compound as a white solid (0.20 g, 61%). l K NMR (400 MHz, CDCI3) 8 7.36 (m, 
6H), 6.85 (d, 1H), 5.37 (d, 1H), 5.14 (m, 3H), 4.24 (m, 1H), 1.65 (m, 6H), 0.95- 
0.87 (m, 12H). 
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Example 18 

fKVmiQn Qf f2S, r.SV7-fl)epzvloxvcarbonvn a mino.N.f I XZZBBSm timStez 
YD-S'-methvlhufyll^-methvlpentanainide 

The compound of Example 1(a) (1.0 g, 2.2 mmol) and ammonium 
5 dithiocarbamate (0.25 g., 2.2 mmol) were dissolved in ethanol and heated to 55°C 
for 13 hours. The solvent was evaporated and the residue chromatographed (silica 
gel, 20% ethyl acetate/hexane) to give the title compound as a white solid (0.58 g). 
1H NMR (400 MHz, CDQ 3 ) 6 7.24 (m, 5H), 7.10 (s, 1H). 6.33 (s, IH) . 6.00 (d, 
1H), 5. 1 1 (q, 2H), 4.94 (m, IH), 4.05 (m, 1H), 1.49 (m, 6H), 0.78 (m, 12H). 

10 

Example 19 

ftei^on of (2SV2-0)CT7vloxvcaita^^ 
vnmethvl^-fnerhylppntanami^ 

a) Htert-biiroxycarbonyl)ainroo^ 
15 Following the procedure of Example 8(a)-8(c), except substituting N-tert- 

butoxycarbonylglycine for N-im-butoxycarbonyl-(LHeucine in step (a), the tide 
compound was prepared (1.9g, 58% overall). 'H NMR (400 MHz, CDCI3) 8 8.1 1 
(s, IH), 5.31 (s, IH), 4.56 (d, 2H), 4.43 (q, 2H), 1.45 (s, 9H), 1.42 (t, 3H). 

20 b) (2S)-2-(benzyloxycarbonyl)amino-N^ 

methylpentanamide 

Following the procedure of Example 13, except substituting \-{tert- 

butoxycarbonyl)ammo-K4K2uboemoxy^^ for (lS)-l-(terT- 

butoxycarbonyl)ammo-H4-carooemoxytbiazol-2-yl>3-nte and N-Cbz- 

25 Heucine for N-Cbz-L-leucinyl-L-leucine, the tide compound was prepared 

(0.120g, 32%). MS (MH+): 434.2. 
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Example 20 

Preparation of f2SJ'S V2-(ben2vloxvc ariv W ivn a minn-N-ri'^- 
benzv}oxvcarfaonvlthiazol-4-vIV3'-methvlbutvI1^-methvlpentaiiamide 

The compound of Example 2 (0.105 g., 0.22 mmol) was dissolved in 
5 dichloromethane and treated with H3-dimethylammopiopyl)-3^mylcaibodiinnde 
methiodide (0.062 g., 0.22 mmol) and benzyl alcohol (0.03 mL, 0.22 mmol). The 
mixture was allowed to stir at room temperature for 4 hours and the solvents were 
evaporated and the residue obtained was cheromatographed ( silica gel, 30% ethyl 
acetate/ hexane) to give the title compound as a white solid (0.04 g). >H NMR (400 
10 MHz, CDCI3) 5 7.37 (s, 1H), 7.26 (m, 10H), 6.50 (d, 1H) , 5.33 (s, 2H), 5.1 1 (q. 
2H), 5.09 (m, 1H), 4.99 (s, 2H), 4.04 (m. 1H), 1.49 (m. 6H), 0.78 (m, 12H). 

Example 21 

Preparation of f2S.rSV2-nxmzv1oTv M rhnnYl^mino^memvl-N- r3 -methvl-r-f2- 
15 phenoxvcartxmvhluazol^vnhtitvl^pentanflfnirip 

Following the procedure of Example 20, except substituting phenol for 
benzyl alcohol, the title compound was prepared (0.075 g). ] H NMR (400 MHz, 
CDQ3) 87.41 (s, 1H), 7.26 (m, 10H), 6.49 (d, 1H) , 5.20 (m, 1H), 5.04 (m, 1H), 
5.00 (s, 2H), 4.08 (m, 1H), 1.49 (m, 6H), 0.82 (m, 12H). 

20 

Example 22 

Preparation of (2S.l'SV2-n>enzvloxvcarbonvnami^ 
(2-methvtorowloxvcar^ 

Following the procedure of Example 20, except substituting isobutyl alcohol 
25 for benzyl alcohol, the title compound was prepared (0.075 g). l H NMR (400 MHz, 
CDQ3) 6 7.25 (m, 6H), 6.50 (d, 1H) , 5. 1 1 (q, 2H), 5.09 (m, IK), 4.99 (s, 2H), 4.1 1 
(d, 2H), 3.91 (m, 1H),2.02 (m, 1H), 1.70- 1.39 (m, 6H), 0.82 (d, 6H), 0.78 (m, 
12H). 
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Example 21 

PTPParatiOT of f?R r,SV2-(beD2vloxvcarfaoiivn am inp. N-fl V4^rWfhoxvthia7nl- 

Following the procedure of Example 19, except substituting N-tert- 
5 butoxycarbonyl-L-alanine for N-terf-butoxycarbonylglycine in step (a), and N-Q>z- 
D-leucine for N-Cbz-L-leucine in step (b), the tide compound was prepared as white 
solid (0.135g, 36%). MS (MH+): 448.2. 

Example 24 

10 P)TO^Qnof(2R.IKy2^n7yloxvca^^ 

2-vltethvn-4-nv>th Ylpentflnafniri«> 

Following the procedure of Example 19, except substituting ti-tert- 
butoxycarbonyl-D-alanine for N-tert-butoxycarbonylglycine in step (a), and N-Cbz- 
D-leucine for N-Cbz-L-leucine in step (b), the tide compound was prepared as white 
15 solid (0.1 lOg. 29%). MS (MH+): 448.2. 



Example 25 

Preparation Of ( 2S. 1 'SV-N-r 1 '-( 2-amiiiothia z ol-4-vl V^'-mftthvlbutvn-^- 
qyenzvloxvcaibonvnaminfv^n^^YlpentanamiHp 

To a stirring solution of the compound of Example 1(a) (0.85 g, 1.87 mmol) 
in 4 mL of ethanol was added thiourea (0.142 g, 1.87 mmol). The solution was 
allowed to stir at room temperature for 90 nun. The solution was concentrated, the 
residue was dissolved in ethyl acetate and washed with saturated aqeous NaHC03 
and saturated brine, then dried (MgS0 4 ), filtered, and concentrated. The residue 
was purified by flash chromatography on 230-400 mesh silica gel, eluting with 1:1 
ethyl acetate/hexanes, to give the tide compound as a white solid (0.64 g, 78%). lH 
NMR (400 MHz, CDC1 3 ) 8 7.36 (m, 5H), 6.30 (m, 2H) , 5.12 (m, 3H), 4.95-4.91 
(m, 3H), 4.16 (m. 1H). 1.63 (m, 4H), 1.49 (m. 2H), 0.93-0.89 (m, 12H). 
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Example ?6 

Preparation of nSVN-r4~r( l-benzvloxvcarbonvlaminoV3-mcth^^ 
ytorbmll-N'^-be^lpw^ 

a) N-benzyloxycarbonyl-L-leucinyl bromomethyl ketone 
5 1 -methyl-3-nitro- 1 -nitrosoguanidine (6.65 g, 45.2 mmol) in ether (225 mL) 

is cooled to 0°C. 40% sodium hydroxide is added slowly and the diazomethane is 
allowed to collect in the ether solution for 30 minutes at 0°C The ether solution is 
then decanted and left at 0 °C 

N-Cbz-L-leucine (2.10 g, 7.6 mmol) was dissolved in THF (10 mL), cooled 

10 to -40 °C, and 4-methylmorpholine (0.77 g, 7.6 mmol, 0.83 mL) was added, 

followed by dropwise addition of isobutyl chloroformate (1.04 g, 7.6 mmol, 0.98 
mL). After 15 min, the solution was filtered into the previously prepared 0 °C 
solution of ethereal diazomethane. The resulting solution was allowed to stand at 0 
°C for 23 h. HBr (30% in acetic acid) (45.2 mmol, 9 mL) was added and the 

15 resulting solution was stirred at 0 °C for 5 min, then washed sequentially with 0. 1 N 
HC1, saturated aqueous NaHCO* and saturated brine, then dried (MgS04), filtered 
and concentrated to give the title compound as a colorless oil (2.43 g, 94%). 



b) (1S)-1 -benzy loxycarbony lamino- 1 -(2-carboethoxythiazol-4-y l)-3 -methy Ibutane 
20 A solution of the compound of Example 26(a) ( 1 .57 g, 4.58 mmol) and ethyl 

thiooxamate (0.61 g, 4.58 mmol) in ethanol (10 mL) was heated at reflux for 4 h. 

The solution was then cooled , concentrated and the residue was purified by flash 

chromatography on 230-400 mesh silica gel, eluting with 1:4 ethyl acetate/hexanes, 

to give the title compound as a yellow oil (1.0 g, 58%). 'H NMR (400 MHz, 
25 CDC1 3 ) 8 7.41 (s, 1H), 7.34-7.31 (m, 5H), 5.40 (d, 1H), 5.10 (d, 1H), 5.05 (d, 1H), 

4.98 (q, 1H), 4.48 (q, 2H), 1.80-1.76 (m, 2H), 1.57-1.53 (m, 1H), 1.44 (t, 3H), 0.95 

(d, 3H),0.93(d,3H). 
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c) (lS)-l-benzyloxycarbonylainincHH2-hydrazinocaibonylthiazol-4-yl)-3- 
methylbutane 

A solution of the compound of Example 26(b) (0.30 g, 0.8 mmol) and 
hydrazine hydrate (0.40 g, 8.0 mmol, 0.39 mL) in ethanol (8 mL) was allowed to 
5 stir at room temperature for 2 h. The solution was then concentrated to yield, the 
tide compound as a white foam (0.28 g, 98%). 'H NMR (400 MHz. CDC1 3 ) 5 8.29 
(s, 1H), 7.37-7.35 (m, 5H), 5.18 (d, 1H), 5.09 (dd, 2H), 4.95 (q, 1H). 4.07 (d, 2H), 
1.71 (t, 2H), 1.55 (m, 1H), 0.96 (d, 3H), 0.94 (d, 3H). 

10 d) (lS)-N-[4-[(l-beiizyloxycarbonylaiiuro^ 
(N-oenzyloxycarbonyl-I^leucinyl)hydrazide 

A solution of the compound of Example 26(c) (100 rag, 0:28 mmol), N-Cbz- 
L-leucine (80.5 mg, 0.30 mmol), lK3^1iniemylanunoim>pyl)-3^ylcarbod^de 
hydrochloride (58.2 mg, 0.30 mmol) and l-hydroxybenzotriazole (7.5 mg, 0.06 

15 mmol) in DMF (0.6 mmol) was allowed to stir at room temperature for 18 h. The 
solution was diluted with ethyl acetate and washed successively with water, 0. 1 N 
HQ, saturated aqueous NaHCCb and saturated brine, then dried (MgS0 4 ), filtered 
and concentrated. The residue was purified by flash chromatography on 230-400 
mesh silica gel, eluting with 1 : 1 ethyl acetate/hexanes, to provide the tide compound 
20 as a white solid (1 1 1 .4 mg, 66%). mp 1 10-1 12 °C. 

Example 27 

toSBaatian of N-benzvIoxvcarbonvl-I ^leurin^^ 
L-leucinvlhvrimyi^e 

25 a) N-benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester 

Following the procedure of Example 26(d), except L-Ieucine methyl ester 
hydrochloride for (lSH-beiizyloxycaibonylammo-l-(2-hyo^ 
4-yl)-3-methylbutane, the tide compound was prepared as a white solid (1.28 g, 
66%). 'H NMR (400 MHz, CDCI3) S 7.37-7.32 (m, 5H), 6.28 (d, 1H), 5.28 (m, 

30 3H), 4.61-4.58 (m, 1H). 4.20 (m, 1H), 3.74 (s, 3H), 1.69-1.54 (m, 6H), 0.96-0.92 
(m, 12H). 
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b) N-bcnzyloxycaibonyl-L-leucinyl-L-leucinylhydrazide 

Following the procedure of Example 26(c), except substituting N- 
benzyloxycarbonyl-L-leucinyl-L-leucine methyl ester for (1S)-1- 
5 benTyloxycarbonylamino- H2-carboethoxythiazol-4-yl)-3-xnethylbutane t the title 
compound was prepared as a white solid (1.28 g, 100%). ! H NMR (400 MHz, 
CDQ3) 5 8.05 (br s, 1H), 7.35-7.32 (m, 5H), 6.67 (d, 1H), 5.50 (d, 1H), 5.1 1 (s, 
2H), 4.46 (m, 1H), 4.21 (m, 1H), 3.88 (br s, 2H), 1.64-1.51 (m, 6H), 0.92-0.88 (m, 
12H). 

10 

c) N-benzyloxycarbonyl-I^leucinyl-N'-te^ 
leucinylhydrazide 

Following the procedure of Example 26(d), except substituting N- 
ben2yloxycaibonyl-I^leucinyl-L-leucinylhydrazide for (1S)-1- 
15 benzyloxycarbonylamino- 1 ^2-hydra2inocaibonylthiazol-4-yl)-3-methylbutane, the 
title compound was prepared as a white solid (0.059 g). MS (M+Na*): 662. 1 

Example 28 

Preparation of ( lSVN42-rn-benzvloxvcarbonvlaminoV3>methvlbutvnthia2ol^ 
20 vlcaibcmvll-N'-fl^^ 

a) N-rerr-butoxycarbonyl-(LHeucinamide 

To a solution of N-tert-butoxycarbonyl-(L)-leucine (7.0g, 28.1mmol ) in dry 

THF (lOOmL) at -40°C was added isobutylchloroformate (3.8g, 28.1mmol) and N- 

methylmorphiline (6.0, 59mmol). After 15 minutes of stirring, ammonia was 
25 bubbled through the mixture for an additional 15 minutes, then warmed to room 

temperature and allowed to stir for 2 hours. Mixture filtered and filtrate 

concentrated in vacuo to yield title compound as a white solid (6.5, 28.0mmol). 

, HNMR (400MHz, CDCy 8 6.38 (br s, 1H), 5.79 (br s, 1H), 5.04 (br d, 1H), 4.13 

(m, 1H), 1.71-1.49 (m, 3H), 1.39 (s, 9H), 0.92 (dd, 6H). 

30 
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b) N-terr-butoxycarbonyl-(L)-leucinethioamide 

To a stirring solution of the compound of Example 26(a) (6.5, 28.0 mmol) in 
dry THF was added Lawesson's reagent (6.8g, 16.9 mmol) and the mixture was 
stirred at room temperature under argon overnight. The solvent was evaporated and 
5 the residue chromatographed (silica gel, 12% ethyl acetate/hexane) to give the tide 
compound as a white solid (5.4g, 77%). 'HNMR (400MHz, CDCy 8 8.54 (br s, 
1H), 7.97 (or s, 1H), 5.28 (br d, 1H), 4.52 (m, 1H), 1.72-1.58 (m, 3H), 1.40 (s, 9H), 
0.92 (m, 6H). 

10 c) (lS)-Htert-butoxycarbonyl)ammo-l-(4-carboemoxytm 
methylbutane 

The compound of Example 26(b) (5.4g, 21 .7 mmol) was stirred in dry 
acetone (lOOmL) under argon at -10°C. Ethylbromopyruvate (4.7g, 23.9mmol) 
was added and stirred for lh at -10°C. The solution was poured into a well stirred 

15 mixture of chloroform and water and then into saturated sodium bicarbonate 
solution. The organic phase was separated and the aqueous layer extracted with 
chloroform. The combined organic extracts were dried over MgS0 4 , filtered and 
concentrated to an oil. The oily residue was treated with TFAA (5.0g, 23.9mmol) 
and pyridine (3.8g, 47.8mmol) in dicbioromethane for lh at -20°C. Excess solvent 

20 was removed in vacuo and the residue was dissolved in dichloromethane. The 
solution was washed with saturated aqueous sodium bicarbonate and 1 .ON KHSO, 
until pH 7. The solution was dried over magnesium sulfate, filtered and 
concentrated to an oil which was chromatographed (silica gel, 7.5% ethyl 
acetate/hexane) to give the tide compound as a tan solid (4.5g, 61%). 'HNMR 

25 (400MHz. CDCy 8 7.98 (s, 1H), 5.04 (br d, 1H), 4.95 (m. 1H), 4.31 (q, 2H), 1.88 
(m, 1H), 1.63 (m, 2H), 1.40 (s, 9H),1.32 (t, 3H), 0.85 (dd, 6H). 

d) OSH-(Benzyloxycari»nyl)ainmo-H 

The compound of Example 26(c) (0.250g. 0.731mmol) was dissolved in 
30 TFA (2mL) and stirred at room temperature for 15 minutes when diluted with 
methanol and concentrated in vacuo. The residue was dissolved in methylene 
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chloride and treated with triethylamine (0.739g, 7.31 mmol) followed by benzyl 
chloroformate (1.2g, 7.3Immol). The solution stirred at room temperature for 2h 
when partition between ethyl acetate/water. The organic layer was washed with 
brine, collected, dried (MgSOJ and concentrated to a residue that was 
5 chromatographed (silica gel, 15% ethyl acetate/hexane) to give the title compound 
as an oil (0.198g, 72%). 'HNMR (400MHz, CDCy 8 8.01 (s, IH), 7.32 (m, 5H), 
5.51 (hr d, lH) t 5.14 (m, 1H), 5.10 (s, 2H), 4.37 (q, 2H), 1.93 (m, IH), 1.81-1.67 
(m, 2H) f 1.39 (U 3H), 0.95 (m, 6H). 

10 e) (lS)-N-[2-[(l-benzyloxyc*rtonylam^ 
(N-benzyloxycarbonyl-L-leucinyl)hydrazide 

Following the procedure of Example 26(c)-l(d) f except substituting (1S)-I- 
(Benzyl oxycarbonyl)amino 1 -(4-carboethoxythiazoI-2-yl)-3-methylbutane for (1S)- 
1 -benzyloxycarbonylamino- 1 ^2^aiboethoxythiazol-4-yl)-3-methyIbutane in step 

15 (c), the title compound was prepared. MS (MH 4 ): 610.0 

E?MPpte 29 
Preparation of 2.2'^.N^bis-benzvloxvcarto^ 

To a stirring solution of N-Cbz-L4eucine (Chemical Dynamics Corp.) (2.94 

20 g, 11.1 mmol) in 22 mL of DMF was added carbohydrazide (0.5 g, 5.6 mmol), l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2. 13 g, 1 1 . 1 mmol) and 
1-hydroxybenzotriazole (0.3 g, 2.2 mmol). After stirring at room temperature for 
22 h, the solution was poured into 500 mL of water. The precipitate was collected 
by vacuum filtration and washed with water (4 X 150 mL) and dichloromethane (4 

25 X 150 mL), then dried under vacuum to provide the title compound as a white solid 
(1.49 g, 46%). MS(ESI): 607.1 (M+Na)\ 
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Example TO 

EjBBiatipn Of 2.2'-fN N'-bis-cvc1ohexvlacetvttearfv>hy < f ray j^ 

Following the procedure of Example 29. except substituting 
cyclohexylacetic acid for N-Cbz-L-leucine, the tide compound was prepared (0.410 
5 g,73%). MS(ESI): 339.3 (M+H)\ 



10 



25 



Eaampte 3J 

PTPParation Of 22'-fN.N , -his^methvl^nr a n ovl) ca rhohvri ra Tirf f 

Following the procedure of Example 29, except substituting 4- 
methylpentanoic acid for N-Cbz-L-leucine, the tide compound was prepared as a 
white solid (0.212 g, 44%). MS(ESI): 287.3 (M+H)*. 



Example 32 

PftparatiW Of 2.2'-fN l N , -bis-2-cvcloneiitvl a cetvltoiriinhvrfr ? ri^ 
15 Following the procedure of Example 29, except substituting 

cyclopentylacetic acid for N-Cbz-L-leucine, the tide compound was prepared as a 
white solid (0.345 g, 67%). MS(ESI): 311.2 (M+H)*. 

Fxampig ;» 

20 Preparation Of 2.2 , -(N.N'-hi^benzvloxv<2irix^^ 

Following the procedure of Example 29, except substituting N-Cbz-Glycine 
for N-Cbz-L-leucine, the tide compound was prepared as a white solid (0.719 g, 
91%). MS(ESI): 473.1 (M+H)*. 



Example 34 

Reparation of 2.2 , -m.N-bi.s-acetvi-i^i f ^nviv ; ^ fa 0 hvd ra zid e 

Following the procedure of Example 29, except substituting N-acetyl-L- 
Ieucine for N-Cbz-L-leucine, the tide compound was prepared as a white solid 
(0.153 g, 23%). MS(ESI): 401.3 (M+H)*. 



30 
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Example 35 

Preparation of 2.2 , -fN.N , -bis- benzvloxvcarhonvl-I^alanvl>cart>ohvdrazide 

Following the procedure of Example 29, except substituting N-Cbz-L- 
alanine for N-Cbz-L-ieucine, the title compound was prepared as a white solid 
5 (0.762 g, 91%). MS(ESI): 501.1 (M+H)\ 



Example 36 

Reparation of 2^-benzvloxvcaibonvNL-leucinvn-2'-rN , -f4- 

m^tolippnt^Qyll)1g^hydraade 

10 a) N-benzyloxycarbonyl-L-leucine methyl ester 

To a solution of leucine methyl ester hydrochloride (5.0 g, 27.5 mmol) in 
1 ,4-dioxane (50 mL) was added sodium carbonate (30.3 mL, 2M in water) followed 
by benzyl chloroformate (4.69 g, 27.5 mmol). The mixture stirred at room 
temperature for 24 hours when partitioned between ethyl acetate and water. The 

15 organic layer was collected, dried (MgSOJ, filtered and concentrated to give the 
tide compound as a colorless oil (7.67 g, 100%). 'HNMR (400MHz, CDCy 5 7.39 
(m, 5H), 5.38 (d. 2H), 5.12 (s, 2H), 4.42 (m, 1H), 3.75 (s, 3H), 1.73 - 1.50 (m, 3H), 
0.94 (m,6H). 

20 b) N-benzyloxycaibonyl-L-leucinyl hydrazide 

To a solution of the compound of Example 36(a) (7.67 g, 27.5 mmol) in 
methanol (40 mL) was added hydrazine monohydrate (13.5 g, 270 mmol). The 
solution was stirred at room temperature for 24 hours when partitioned between 
water and ethyl acetate. The organic layer was collected, dried (MgSOJ, filtered 

25 and concentrated to give the title compound as an off-white solid (7.67 g, 100%). 
'HNMR (400MHz, CDCy 8 8.14 (s, 1H), 7.38 (m, 5H), 5.64 (d, 1H), 5.09 (dd, 
2H), 4.20 (m, 1H), 3.81 (s br, 2H), 1.69 - 1.51 (m, 3H), 0.92 (dd, 6H). 



c) l-benzyloxycarbonylamino-3-methyl-l-(l,3,4^ 
30 A solution of the compound of Example 36(b) ( 1 .0 g, 3.58 mmol) in 

methylene chloride (12mL) was added drop wise to a solution of 4- 
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nitrophenylchlorofonnate (0.361 g, 1.79 mmol) in methylene chloride (8 mL) at 
0°C. Hie solution wanned to room temperature and stirred for one hour when 
partitioned between ethyl acetate and water. The organic layer was washed with 
aqueous NaHCO, then collected, dried (MgSOJ, filtered and concentrated to a 
5 residue which was chromatographed (20% ethyl acetate/hexane) to give the title 
compound as a pale yellow solid (0.322 g, 59%). I HNMR (400MHz, CDCl,) 5 9. 18 
(s, 1H), 7.38 (m, 5H), 5.13 (m, 3H), 4.79 (m, 1H), 1.71 (m, 3H), 0.98 (dd, 6H). 

d) 4-methylpentanoyl hydrazide 
10 Following the procedure of Example 36(b) except substituting ethyl 

isocaproate for benzyloxycarbonyl-L-Ieucinyl methyl ester, the title compound was 
prepared as a white solid (1.8 g, 100%). 'HNMR (400MHz, CDCy 5 7.48 (s br, 
1H), 3.62 (s br, 2H), 2.13 (t, 2H), 1.51 (m, 3H), 0.85 (d, 6H). 

15 e) 2^-benzyloxycart>onyl-I^leuc^ 

The compounds of Example 36(c) (0.100 g, 0.325 mmol) and Example 36(d) 
(0.042 g, 0.325 mmol) were combined and dissolved in ethanol (1 mL). The 
solution was brought to reflux for 24 hours then concentrated to a solid yellow 
residue which was washed with cool methylene chloride to yield the title compound 

20 as a white solid (0.053 g, 37%). MS (MIT): 436.2. 
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E^ampl^ 37 

Preparation of bis-fCbz-leucinvIM 3^amino-propan-2-one 
Cbz-lcucine (500 mg, 1.88 mmol), EDCI (558 mg, 1.88 mmol) was 
dissolved in DMF (4.0 ml) with l,3-diamino-propan-2-ol (85 mg, 0.94 mmol) and 
5 Hunig's base (0.3 ml, 1 .88 mmol) and was stirred at RT overnight The reaction 
was diluted with EtOAc (20 ml) and was extracted with water (2 x 20 ml). The 
combined organics were dried with magnesium sulfate, filtered, concentrated in 
vacuo. The intermediate was then dissolved in acetone (4.0 ml) and Jones reagent 
(2.0 ml, 1.5 M) was added dropwise and the reaction was stirred at RT overnight 
10 The excess Jones reagent was then quenched with isopropanol (1.0 ml), then the 
reaction was diluted with EtOAc (20 ml) and was extracted with water (2x 20 ml) to 
remove the inorganic salts. The combined organics were dried with magnesium 
sulfate, filtered, concentrated, and chromatographed (silica gel, 2*5% MeOH/ 
methylene chloride) to give the tide compound as a white solid (410 mg, 75%). 
15 MS(ES)M+IT=583,M+Na*=605. 

Example 38 

Following the procedure of Example 37, except substituting M 4-phenoxy- 
20 benzoic acid" for "Cbz-leucine", the title compound was prepared: MS(ES) 
M+IT=481, M+Na =503. 

E*arpple 39 

Preparation of M(^z-leurinvlVamino-3^ac^^ 
25 Following the procedure of Example 37, except substituting "a mixture of N- 

Ac-leucine and Cbz-leucine" for "Cbz-leucine\ the tide compound was prepared: 
MS(ES) M+H*=491, M+Na =513. 
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Example 40 

Preparation Of UChz-lnnrinvn-amino-VfCbz-p lutam Y l-t-butvl e^ ^)-^,^ 

propaq-2-ons 

Following the procedure of Example 37, except substituting "a mixture of 
5 Cbz-glutamic acid gamma t-butyl ester and Cbz-leucine" for "Cbz-Ieucine", tbe tide 
compound was prepared: MS(ES) M+IT=655. 

Exampl e 41 

PjBB fflatioo of HCb^MeucinYlVamino-3-fChr. ? lnt a m yiw a min«v P r T Tpn n - ? ^ 
10 HCbz-leucmyl>amino-3-(Cbz-glutamyl-t-butyl ester)-amino-propan-2-one 

(5 mg, 0.007mmol) was dissolved in a solution of trifluoroacetic acid ( 0.5 ml) and 
methylene cbJoride (0.5 ml), then was stirred at RT for 2 h, the reaction was dUutied 
with toluene (10 ml), then was concentrated in vacuo to provide the title compound: 
MS(ES) M+H*=599. 

15 

Example 42 

Preparation Of bis-1 .3-(Ch7-1eiicinvl Wtaminrv/SVhtitflnnnP.?^ ^ 

a) Cbz-leu-ala-bromo methyl ketone 

bobutyl chlorofonnate (1.46 ml, 11.3 mmol) was added dropwise to a 

20 solution of Cbz-leu-ala-OH (4.0 g, 113 mmol) and N-methyl morpholine (1.24 ml, 
1 1 .3 mmol) in THF (40 ml) at -40 degrees C. The reaction was stirred 1 5 min, then 
was filtered, and was washed with ether. Diazomethane (40. 1 mmol from 5.9 g of 
l-memyl-3-mtro-mtroso-guanidine and 18 ml of 40% KOH in 150 ml of ether) in 
ether (200 ml) was added and the reaction was placed in a refrigerator overnight. 

!5 30% HBr/ AcOH (7 ml) was added dropwise to the crude reaction mixture and was 
stirred 5 minutes. The solution was washed with aqueous citric acid (50 ml x 2), 
saturated aqueous sodium bicarbonate (3 x 150 ml), then brine (100 ml). The 
combined organics were dried with magnesium sulfate, filtered, and concentrated in 
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vacuo to give a solid which was used in the next step without purification, MS(ES) 
M+IT=413 and 415, M+Na*=435 and 437. 

b) Cbz-leu-leu-azido methyl ketone 

5 Cbz-leu-ala-bromo methyl ketone (650 mg, 1 .6 mmol) was dissolved in 

DMF (7 ml), then sodium azide (122 mg, 1.9 mmol) and potassium fluoride (137 
mg, 2.36 mmol) was added and the reaction was stirred overnight The reaction was 
partitioned between EtOAc and water, then the combined organic extracts woe 
dried with magnesium sulfate, filtered, concentrated in vacuo, then 
10 chormatographed (2-5% MeOH, methylene chloride, silica gel) to provide the title 
compound as a white solid (330 mg, 53%), MS(ES) M+Na =398. 

c) Q>z-leu-2-amino-4-azido-propan-3-ol 

Cbz-leu-leu-azido methyl ketone (330 mg, 0.9 mmol) was dissolved in EtOH 
15 (5 ml) and sodium borohydride (100 mg, 2.65 mmol) was added at RT and the 

reaction was stirred for 15 minutes. The reaction was quenched with water (10 ml) 
and was extracted with EtOAc (25 ml). The combined organic extracts were dried 
with magnesium sulfate, filtered, concentrated to give the title compound without 
further purification, MS(ES) M+H*= 378, M+Na*=400. 

20 

d) Cbz-leu-2-ammo-4-amino-propan-3-ol 
Cbz-leu-2-amino-4-azido-propan-3-ol (300 mg, 0.8 mmol)was dissolved in 

MeOH (4 ml) and triethyl amine (0.33 ml, 2.4 mmol), propan-l,3-dithiol (0.35 ml, 
3.82 mmol) was added and the reaction was stirred overnight, concentrated in 
25 vacuo, then the white solid was washed with hexane providing the title compound 
which was used in the next reaction without further purification, MS(ES) 
M+H*=352. 

e) bis- 1 ,3^Cbz-leucinyl)-diamino-(S)-butanone-2-ol 

30 Cbz-leu-2-amino^amino-propan-3-ol (140 mg, 0.4 mmol) and Cbz-leucine 

( 106 mg, 0.4 mmol) were dissolved in DMF (2 ml) and N-methyl morpholine (0.08 
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ml, 0.8 mmol) and HBTU (151 mg, 0.4 mmol) and was stirred overnight. The 
reaction was partitioned between EtOAc and water, the combined organics were 
dried with magnesium sulfate, filtered, concentrated to give the title compound, 
MS(ES) M+H*=599, M+Na+=621. 

5 

f) bis- 1 ,3-{Cbz-leucinyl)-diamino-(S)-butanone-2-one 

Bis-l,3^Cbz-leucmyl)-d^ainino-(S)-butanone-2-ol (240 mg, 0.4 mmol) was 
dissolved in acetone (2 ml). Jones reagent (0.5 ml, 1.5 M) was added dropwise and 
the reaction was stirred at RT overnight The excess Jones reagent was then 
10 quenched with isopropanol (1.0 ml), then the reaction was diluted with EtOAc (20 
ml) and was extracted with water (2x 20 ml) to remove the inorganic salts. The 
combined organics were dried with magnesium sulfate, filtered, concentrated, and 
chromatographed (silica gel, 2-5% MeOH/ methylene chloride) to give the tide 
compound as a white solid (80 mg, 33 %). MS(ES) M-H*=595. 

15 

Example 43 

fcSPaa tiQB Of HChz-lCTdnvlVamino-3.r<^-nh e nvl ft 1 anv |V^h,n. pmr a n .0^ f 

Following the procedure of Example 37, except substituting "a mixture of 
Cbz-phenylalanine and Cbz-leucine" for "Cbz-leucine", the title compound was 
20 prepared (70%): MS(ES) M+H*=617, M+Na'=639. 



Preparation Of HrhrrteucinvlVamin^S-fCbz-norl e ucinvlViiminn-propan^-onP. 
Following the procedure of Example 37, except substituting " a mixture of 
25 Cbz-norleucine and Cbz-leucine" for "Cbz-leucine", the tide compound was 
prepared: MS(ES) M+H*=583, M+Na*=605. 
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Example 45 

Preparation of MCh7rleurinvlVamino-3-(Cbz-norvaUnv^^^ 

Following the procedure of Example 37, except substituting "a mixture of 
Cbz-norvaline and Cbz-leucine" for "Cbz-leucine", the title compound was 
5 prepared: MS(ES) M+H*=569, M+Na =591. 



Example 46 

Preparation of bis-1 3^Cbz-leucmvlV^aniino-5-methvl- fSVhexan-2-one 
a) bis- 1 ,3-{Cbz-leucinyI)-diamino-5-methyl-{S)-hexan-2-one 
10 Following the procedure of Example 42(a)-(f), except substituting "Cbz-leu- 

leu-OH" for "Cbz-leu-ala-OH" the title compound was prepared: MS(ES) 
M+IT=639. 



Example 47 

15 Preparation of Hacetvl-leudnvlVamino-3-r4-phenoxv-benzovlWmi no-prcyin-2- 

one 

Following the procedure of Example 37, except substituting "a mixture of N- 
Ac-leucine and 4-phenoxy-benzoic acid " for "Cbz-leucine", the title compound was 
prepared: MS(ES) M+H*=440. 

20 

Example 48 

Preparation of MCbz-homo-leudnvlVaimno-rCbz-leucinvlV^-flniinft-pmpa^.?^ 
Following the procedure of Example 37, except substituting "a mixture Cbz- 
homo-leucine and Cbz-leucine" for "Cbz-leucine", the title compound was prepared: 
25 MS(ES) M+H*=597, M+Na*=619. 
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Example 49 

PtPParation Of biS-1,V4-(3-Chloro-2-cvano-Dh en oTvVph ft nvl mlfaniimifo> fn ^_ 

2-one 

4-(3-Chloro-2^yano-phenoxy)-phenyl sulfonyl chloride (1.3 g, 4 mmol, 
5 Maybridge) was added to a solution of 1 ,3-diamino-propan-2-ol (0.18 g, 2 mmol) in 
DMF (10 ml)/ N-methyl morpholine (0.44 ml, 4 mmol) and was stirred 3h at RT. 
The reaction was partitioned between water and EtOAc and the combined organics 
were dried with magnesium sulfate, then concentrated in vacuo. The crude bis -1,3- 
(4-(3-chlorc-2-cyano-phenoxy)-phenyl sulfonamido)-propan-2-ol (0.28 g, 0.4 

10 mmol) was then dissolved in acetone (1 .0 ml) and Jones reagent (0.44 ml, 1.5 M) 
was added dropwise, and the reaction was stirred overnight at RT. The excess Jones 
reagent was then quenched with isopropanol (1.0 ml), then the reaction was diluted 
with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the 
inorganic salts. The combined organics were dried with magnesium sulfate, filtered, 

15 concentrated, and chromatographed (silica gel, 2-5% MeOH/ methylene chloride) to 
give the title compound as a white solid (90 mg, 34%). MS(ES) M+ H*=671, 
M+Na*=693. 



Example 50 

BlgaatigB Of Ms-1.3-(4-Dhenoxv-nhenvl sulfonami doVpronan-7-nm. 

Following the procedure of Example 49, except substituting 4-phenoxy- 
phenyl sulfonyl chloride for 4-(3-ChIoro-2-cyano-phenoxy)-phenyl sulfonyl 
chloride, the title compound was prepared: MS(ES) M-H*=551. 
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Preparation nf L^Qgzlgygnyl^^ 

Cbz-leucine (660 mg, 2.5 mmol), EDCI (480 mg, 2.5 mmol), HOBT (340 
5 mg, 2.5 mmol) was dissolved in DMF (10 ml) with 1 3-diamino-propan-2-ol (225 
mg, 2.5 mmol) and was stirred at RT overnight N-methyl morpholine (0.41 ml, 
3.75 mmol) was added followed by 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 
chloride (820 mg, 2.5 mmol, Maybridge) was added and the reaction was stirred 3h 
at RT. The reaction was partitioned between water and EtOAc and the combined 

10 organics were dried with magnesium sulfate, then concentrated in vacuo. The crude 
MCbz-leucmyl)-ammo-3^4^3^ sulfonamido)- 
propan-2-ol was then dissolved in acetone (5.0 ml) and Jones reagent (3.0 ml, 1.5 
M) was added dropwise, and the reaction was stirred overnight at RT. The excess 
Jones reagent was then quenched with isopropanol (1 .0 ml), then the reaction was 

15 diluted with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the 
inorganic salts. The combined organics were dried with magnesium sulfate, filtered, 
concentrated, and chromatographed (silica gel, 2-5% MeOH/ methylene chloride), 
then the product was triturated from methylene chloride to give the title compound 
as a white solid (26 mg, 2%). MS(ES) M+ H*=627. 

20 

Example 52 

Preparation of HCbz-leucinvIV amino^3-(tosvl-amino VDropan-2-one 
Following the procedure of Example 51, except substituting tosyl chloride 
for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride, the title compound was 
25 prepared: MS(ES) M-H*=488. 
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Example 53 
Preparation of UOM-leucinvn-anuno^ 

Following the procedure of Example 51, except substituting 4-phenoxy- 
phenyl-sulfonyl chloride for 4^3-Chloro-2<yano-phenoxy)-phenyl sulfonyl 
chloride, the title compound was prepared: MS(ES) M+IT=568, M+Na*=590. 

Preparation of HCb7-lcucinvlVamm(y3^ 

one 

Following the procedure of Example 5 1 , except 2-dibenzofiiransulfonyl 
chloride for 4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride, the tide 
compound was prepared: MS(ES) M+H*=566, M+Na*=588 

EffiEaratioiLef^^ 

propan-2-one 

Following the procedure of Example 51, except 2-dibenzofuransulfonyl 
chloride for 4-(3-ChIoro-2-cyano-phenoxy>phenyl sulfonyl chloride and Cbz- 
homo-leucine for Cbz-leucine, the title compound was prepared: MS(ES) 
M+Na*=602. 
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Preparation of HCbz-leurinvlVanri^ 

one 

a) HCbz-leucinyl>amino-3^2Klibenzoftiransulfonaim 

5 Cbz-leu-2-amino-4-amino-propan-3-ol (150 mg, 0.42 mmol, as described in 

Example 56(a)-(d)) and 2-dibenzofuransulfonyl chloride were dissolved in DMF (2 
ml) and N-methyl morphonline (0.09 ml, 0.84 mmol) and were stined overnight 
The reaction was partitioned between EtOAc and water, the combined organics were 
dried with magnesium sulfate, filtered, concentrated to give the tide compound, 
10 MS(ES) M+H*=582, M+Na*=604. 

b) HCbz-leucinyl)-amincH3K2^benzofuransulfonanu 
MCbz-leucinyl)-amino-3-(2^benzofira (240 

mg, 0.4 mmol) was dissolved in acetone (2 ml). Jones reagent (0.5 ml, 1.5 M) was 
15 added dropwise and the reaction was stirred at RT overnight The excess Jones 
reagent was then quenched with isopropanol (1.0 ml), then the reaction was diluted 
with EtOAc (20 ml) and was extracted with water (2x 20 ml) to remove the 
inorganic salts. The combined organics woe dried with magnesium sulfate, filtered, 
concentrated, and chromatographed (silica gel, 2-5% MeOH/ methylene chloride) to 
20 give the tide compound as a white solid (70 mg, 29%). MS(ES) M-IT=578. 
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Example 57 

£gg «atiPn Qf (SVPtlfflVlmcthvl rMrf3-reenzvloxvcarhon V 1-^ 
flK^Mvlll^nzynam^ 

a) 2-hydroxy-3-azido-propanoI 

5 Sodium aride (1 .1 g, 26 mmol) was added to a solution of glycidol (Aldrich, 

1.3 g, 17.5 mmol) in MeOH (45 ml) and water (5 ml) and was heated to 65 degrees 
C for 4 h. The reaction was diluted with water (25 ml), extracted with EtOAc (2 x 
50 ml); the combined organic layers were extracted with water (2 x 50 ml), then 
brine (50 ml), then were dried with magnesium sulfate, filtered, concentrated in 
10 vacuo, and chromatographed (silica gel, 30 % EtOAc/ hexanes) to produce a white 
solid (1.37 g, 67%); MS(ES) M+H+=l 18.4. 

b) 2-hydroxy-3-azido-propan-tosylate 

Tosyl chloride (2.3 g, 12 mmol) was added to a solution of 2-hydroxy-3- 
15 azido-propanol (1.17 g, 10 mmol) and triethyl amine (3.6 g, 36 mmol) in methylene 
chloride (50 ml) and was stirred at RT for 4h. The reaction was diluted with water 
(20 ml), extracted with EtOAc (2 x 50 ml); the combined organic layers were 
extracted with pH 7 buffer (2 x 50 ml), then were dried with magnesium sulfate, 
filtered, concentrated in vacuo, and chromatographed (silica gel, 30 % EtOAc/ 
20 hexanes) to produce a white solid (1.2 g, 44%); MS(ES) M+H+=272.2. 

c) 2-(Merrifield polymer^(oxyme%lene-tetrahydro^ 
tosylate 

c) 2-Hydroxy-3-azido-propan-tosy late ( 1 .2 g, 4.4 mmol) was added to a slurry 
25 of Ellman dihydropyran polymer (cf. (3), Scheme 1) (150 mg, 0.3 mmol) in 

C1CH2CH2C1 (25 ml), then pyridinium p-toluenesulfonate (0.84 g, 4.4 mmol) and 
was agitated at 80 degrees C by gentle bubbling with argon. The polymer was 
filtered, washed with DMF (2 x 10 ml), then MeOH (20 ml), then methylene 
chloride (4 x 20 ml); IR 2105 cm-l ; . Magic Angle Spinning 1H NMR: d 8.0, 7.4, 
30 5.0, 3.4. 
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d) 2-(Merrifield polymer^oxymethylene-ted^ydropyran-acetaI)-3-a2ido- 
propan-N-benzyl-amine 

Benzyl amine (0.32 g, 3 mmol) was added to a slurry of 2-(Merrifield 
polymer^oxymethylene-tetrahydropyran-aceta^ (500 
5 mg, 1 mmol) in N-methyl pyrolidinone (25 ml) and was and was agitated at 80 
degrees C by gentle bubbling with argon. The polymer was filtered, washed with 
DMF (2 x 10 ml), then MeOH (20 ml), then methylene chloride (4 x 20 ml); IR 
2105cm-l; Magic Angle Spinning 1H NMR: d 7.1, 4.7, 4.0, 3.8. 

10 e) 2-(Merrifield polymer-6^oxymethylene-tetrahydropy 
propan-N-benzyl-(Cbz-leucinyl)-amine 

Cbz-leucine (0.82 g, 3.0 mmol) was added to a slurry of 2-(Merrifield 
polymer-6^oxymethylene4etrahydro^ 

(120 mg, 0.22 mmol) in DMF (10 ml), diisopropyl ethyl amine (1.2 ml, 6 mmol) 
15 and HATU (Perseptive Biosystems, 2.2 g, 6 mmol) and was shaken at room 

temperature overnight The resin was filtered, washed with DMF (3 x 10 ml). The 
above procedure was repeated, and the final resin washed with MeOH (2 x 20 ml), 
then methylene chloride (5 x 20 ml); IR 2105,1735, 1630 cm-1;. Magic Angle 
Spinning 1H NMR: d 7.2, 4.7, 4.1. 

20 

f) 2-{MerrifieId polymer^oxymethylene-tetrahydropyr^^ 
propan-N-benzyl-(Cbz-leucinyl)*amine 

Propanedithiol (0.5 ml, xx mmol) was added to a slurry of 2-(Merrifield 
polyroer^oxymethylene^trahydropyr^ 
25 leucinyl)-amine (150 mg, 0.27 mmol) in MeOH (5 ml) and triethylamine (0.5 ml) 
and was gently rocked overnight. The resin was filtered, washed with MeOH (2 x 
20 ml), then with DMF (1 x 10 ml), then with methylene chloride (5 x 20 ml), and 
was dried in a vacuum oven overnight; IR 1735, 1640, cm" 1 ;. 
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g) 2-(Menifield polymer-6-(oxymethylene-tetrahydropyran-acetal)-3-(Cbz- 
leucinyl)-amin(^propan-N-bei^HCbz-leucinyl)-ainine 

Cbz-leucine (0.82 g, 3.0mmol) was added to a slurry 2-(Menifield polymer- 
6-(oxymemylene-tetrahydropyran-aceta^^^ 
5 amine (150 mg, 0.27 mmol) in N-methyl pyrollidinone (10 ml), diisopropyl ethyl 
amine (1 .2 ml, 6 mmol) and HBTU (2.2 g, 6 mmol) and was shaken at room 
temperature overnight. The resin was filtered, washed with DMF (3 x 10 ml). The 
above procedure was repeated, and the final resin washed with MeOH (2x10 ml), 
then methylene chloride (5 x 20 ml); Magic Angle Spinning 1H NMR: d 7.6, 7.4, 
10 5.1,5.0,3.4,0.8. 

h) 1 -N-benzyl- 1 <^z-leucmyl-ammo-3<^-leuc^yl-amino-propan-2-ol 

2-(Merrifield polynier^(oxyn^thylene-tetrahydropyran-acetal)-3-(Cbz- 
leucinyl)-aniino-propan-N-bcnzyKCbz-leiK:myI>ainine (150 mg, 0.27 mmol) was 
15 shaken as a slurry with 85:5: 10 TFA/ water/ methylene chloride (5 ml) for 4h at RT. 
The solution was filtereed and the filtrate was concentrated in vacuo, then 
chromatography (silica gel, 5% MeOH/ methlene chloride) to produce a yellow 
solid (65 mg, 35%); MS(ES) M+H+=675.1. 

20 i) 1 -N-benzyl- 1 -Cbz-leuciny 1 -amino-3-Cbz-leucmy l-aniino-propan-2-one 
l-N-benzyl-l-Cbz-leucmyl-ammo-3-Cbz-leucmyl-ammo- 
mg, 0.96 mmol) was dissolved in acetone (5 ml) and Jones reagent (2 ml.excess) 
was added dropwise at room temperature and the reaction was stirred overnight The 
excess Jones reagent was then quenched with isopropanol (5 ml) and the reaction 

25 was diluted with water (5 ml) and was extracted with EtOAc (2 x 20 ml). The 

combined organic layers were extracted with water (2x15 ml), then brine ( 10 ml), 
then were dried with magnesium sulfate, filtered, concentrated in vacuo to produce a 
yellow solid, which was chromatographed (silica gel, 50%EtOAc/Hexanes ) to 
produce a white solid (16.8mg, 29%); MS(ES) M+H+= 673.1 

30 
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Preparation of (SlPhenvlmethvl ri>rrr34r2^ben2ofaranvlsulfonvnamino1>2- 

a) N-(2-hydroxy-3-N-benzylamino-propyI)phthalimide 

5 N-(2,3-EpoxypropyI)phthalimide (Aldrich, 2.03 g, 10 mmol) was reluxed 

with benzyl amine (1.07 g, 10 mmol) in isopropanol (15 ml) for 3h. The reaction 
was cooled to RT, then concentrated in vacuo producing a white gum, which was 
triturated with MeOH, then filtered producing a white solid (0.48 g, 15%); MS(ES) 
M+H*=311. 

10 

b) N-(2-hydroxy-3^-benzyl-2Kiibenzofur^ 

N-(2-hy droxy-3-N-benzy lamino-propy 1 )phthaiimide (0.31 g, 1 mmol) was 
stirred with 2-dibenzofuransuIfonyl chloride (0.27 g, 1 mmol) in N-methyl 
morpholine (0.8 ml) and DMF (5 ml) overnight The reaction was diluted with 

15 water ( 10 ml), extracted with EtOAc (2x20 ml), the combined organic layers were 
extracted with water (3 x 20 ml), then brine (20 ml), then were dried with 
magnesium sulfate, filtered, concentrated in vacuo to produce an oil, which was 
chromatographed (silica gel, 30% EtOAc/ hexanes) to produce a white foam (0.37 
g, 69%); MS(ES) M+H*=541, MS(ES) M+Na =563, MS(ES- negative) M+HCC>2-= 

20 585 

c) 2-hydroxy-(N-benzyl-2Kiibenzofur^ 
N-(2-hydtoxy-3-(N-benzyl-2KUben^ 

(0.37 g, 0.69 mmol) was rcfluxed with hydrazine hydrate (0.34 g, 6.85 mmol) in 
25 MeOH (7 ml) for \5 h. The reaction was cooled to RT, then was concentrated in 
vacuo. The resulting white solid was triturated with MeOH, then filtered to produce 
the desired product as a white solid (0.27 g, 96%); MS(ES) M+H*=41 1 . 

d) Cbz-leucmyl-(2-hydroxy-(N-benzyl-2Ktt 
amine 

30 2-hydtoxy-(N-benzyl-2^benzofuran^ (0.2 g, 

0.5 mmol) was stirred with Cbz-leucine (0.13 g, 0.5 mmol) in N-methyl morpholine 
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(0.6 ml) and DMF (2 ml), then HBTU (0.19 g, 0.5 mmol) was added and the 
reaction was stirred overnight at RT. The reaction was diluted with water (10 ml), 
extracted with EtOAc (2x20 ml). A solid that was insoluble in both layers was 
filtered off. The combined organic layers were extracted with water (2 x 20 ml), 
i then brine (20 ml), then were dried with magnesium sulfate, filtered, concentrated in 
vacuo to produce a white solid, which was used in the next reaction without further 
purification; MS(ES) M+H*= 658, MS(ES) M+Na = 680. 
e) (S)-Phenylmethyl [ WI[M(2Khbeiizofu^ 
(ben^l)ammo]carbonylJ-3-memylbutyl]carbamate 

Cbz-leucmyl-(2-hydroxy-(N^iizy]-2Hiibenzo^ 
amine (0.16 g, 0.244 mmol) was dissolved in acetone (2 ml). Jones reagent (0.5 ml, 
1.5 M) was added added and the reaction was stirred overnight The excess Jones 
reagent was then quenched with isopropanol (1 ml) and the reaction was diluted 
with water (10 ml) and was extracted with EtOAc (2 x 20 ml). The combined 
15 organic layers were extracted with water (2 x 20 ml), then brine (20 ml), then were 
dried with magnesium sulfate, filtered, concentrated in vacuo to produce a white 
solid, which was chromatographed (silica gel, 1: 1 EtOAc/ hexanes) to produce a 
white solid (0.14 g, 88%); MS(ES) M-JT=654, MS(ES) M4C1*=690, MS(ES) 
M+HC0 2 = 700. 



10 



20 



25 



Example 59 

BaBiatioaoffSmenvlmethvl lUm^-Ul^h^n^^y ^uif^n^i^. 
flMgBByJj a^imidi^ 

Following the procedure of Example 58(a)-(e), except substituting "4- 
pyridyl methyl amine" for " benzylamine" and, the tide compound was prepared; 
MS(ES) M+H*=657. 
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Example 60 

Preparation of 1-rrr3-ff2-dibenzofuragvliailfonvnaininol-2-oxopropvn-3-/4- 
pyridpylipetM) bsnzamjde 
Following the procedure of Example 58(aMe), except substituting "benzoic 
5 acid" for "Cbz-leucine", the tide compound was prepared; MS(ES) M-H*=51 1. 
MS(ES)M-KT=547. 

Framplftftl 

Preparation of (SVPhenvlmethvl f 14rr3-ff2^tM^furanvlsulfonvn a minol-2- 
10 QXCTm>rwn-1-r4-pvridinv1methvn«m^^^ 

Following the procedure of Example 58(aMe), except substituting "4- 
pyridyl methyl amine" for " benzylamine" and "Cbz-leucine and HBTU" for "2- 
dibenzofuransulfonyl chloride " and "2-dibenzofuransulfonyl chloride " for "Cbz- 
leucine and HBTU", the tide compound was prepared; MS(ES) M+H*=657. 

15 

Example 62 

Preparation of 2-rN-fN-benzvloxvcartionv1-L-leucinvm-2 l .fN , -f4- 
phenoxvphenvlsulfonvnicaTbohvdrazide 
a) N-benzyloxycarbonyl-L-leucine methyl ester 

20 To a stirring solution of L-leucine methyl ester hydrochloride (2.0 g, 

1 l.Ommol) in 1,4-dioxane (20 mL) was added Na2C03 (12. 1 ml, 2M in water) 
followed by benzylchloroformate ( 1 .96 g, 1 1 .5 mmol). The mixture was stirred at 
room temperature for 4h then partitioned between ethyl acetate and water. The 
organic layer was washed with brine, dried (MgSCvi), filtered and concentrated to 

25 yield the tide compound as a colorless oil (3.1 g, 100%). *H NMR (400 MHz, 
CDC1 3 ) 8 7.34 (m, 5H). 5.27 (d, 1H). 5.12 (s, 2H), 4.41 (s, 2H), 3.75 (s, 3H), 1.65 
(m, 3H), 0.96 (m, 6H). 
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b) N-benzyloxycartwnyl-L-leucinylhydrazide 

To a stirring solution of the compound of Example 62(a) (3. 1 g, 1 1 .0 mmol) 
in 15 mL of methanol was added hydrazide hydrate (5.9 g, 1 18 mmol). The 
solution was stirred at room temperature for 16h then concentrated to yield the tide 
5 compound as an off-white solid (3. 1 g, 100%). MS(ESI): 280.2 (M+H)+. 

c) (lSH-beiizyloxycarbonylarnmo-3-ra^ 
yl)butane 

To a stirring solution of the compound of Example 62(b) (3.0 g, 10.8 mmol) 
10 in toluene (50 mL) was added phosgene (56 mL, 1.93M in toluene). The solution 
was heated at reflux for 4h then concentrated to yield the title compound as a pale 
yellow foam (3.15 g, 96%). MS(ESI): 306.1 (M+H)+. 

d) 2-[N^-benzyloxycarbonyl-L-leuciny])]carbohydrazide 

15 To » stirring solution of the compound of Example 62(c) (0. 147 g, 0.482 

mmol) in 2 mL of methanol was added hydrazine hydrate (0.241 g. 4.82 mmol). 
The solution was stirred at room temperature for 24h then concentrated and purified 
by column chromatography (silica gel, rnethanol/dichlorornethane) to yield the tide 
compound as a white foam (0.097 g, 60%). MS(ESI): 338.2 (M+H)+. 

20 

e) 2-[N-(N-benzyloxycarbonyl-l^leucinyI)]-2 , -[N , -(4- 
phenoxyphenylsulfonyl)]carbohydrazide 

To a stirring solution of the compound of Example 62(d) (0.097 g, 0.288 
mmol) in 2 mL of DMF was added pyridine (0.046 g, 0.576 mmol) followed by 4- 

25 phenoxyphenylsulfonylchloride (0. 155 g, 0.576 mmol). The solution was stirred at 
room temperature for 16h then partitioned between ethyl acetate and water. The 
organic layer was washed with brine, dried (MgS0 4 ), filtered and concentrated. 
The residue was purified by column chromatography (silica gel, ethyl 
acetate/hexane) to yield the tide compound as a white solid (0.052 g, 32%). 

30 MS(ESI): 570.1 (M+H)+. 
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E&ataplfi 63 

Preparation of 2-rN-(N-benzvloxvcariM^ 

To a stirring solution of the compound of Example 62(d) (0- 100 g, OJ297 
5 mmol) in 2 mL of DMF was added N-benzyloxycaibonyl-L-alanine (0.070 g, 0.3 1 2 
mmol), 1 -hydroxy benzotriazole (0.008 g f 0.059 mmol), and l-(3- 
dime%laminopropyl)0^thylcarbodiimide hydrochloride (0.060 g, 0.312 mmol). 
After stirring at room temperature for 16 h, the solution was poured into 150 mL of 
water. The precipitate was filtered and washed with water (150 mL) and dried 
10 under high vacuum to yield the title compound as a white solid (0.062 g, 39%). 
MS(ESI): 543.1 (M+H)+ 

Example fr* 

Preparation of 2-nsr^-benzvloxvca^ 
15 phenvlbenzovmcarhohvdrazide 

Following the procedure of Example 63, except substituting 4-phenylbenzoic 
acid for N-benzyloxycarbonyl-L-alanine, the title compound was prepared as a 
white solid (0.121 g, 53%). MS(ESI): 518.1 (M+H)+ 

20 Example 65 

Preparation of 2-rN>fN-benzvloxvcarfaonvUL-leucinvn%2 , -rN '-(4- 
Bi?tbPXYbenZQyl)1gfft>QWa2i<le 
Following the procedure of Example 63, except substituting 4- 
methoxybenzoic acid for N-benzyloxycarbonyl-L-alanine the title compound was 
25 prepared as a white solid (0.057 g, 27%). MS(ESI): 472.1 (M+H)+. 
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Example 66 

Preparation of 2-fN4N-benzvloTv«n4y>nvl-Uleucin vm-2'.rN'-rA. 

phenoxvbenTnvltlcafhfthY^mri^ 
Following the procedure of Example 63, except substituting 4- 
5 pbenoxybenzoic acid for N-beniyloxycarbonyl-L-alanine the title compound was 
prepared as a white solid (0. 102 g, 43%). MS (ESI): 534.1 (M+H)+. 

Esampjg 67 

Preparation Of 2-(N-acetvlV2'-rN , -fN.heiizvl oxvc a rhnnvl.T r 
10 leucinvhlcarhohydrazide 

To the compound of Example 62(d) (0. 100 g, 0.297 mmol) was added acetic 
anhydride (0.303 g, 2.97 mmol). The solution was stirred at room temperature for 
16h then concentrated to an off-white solid which was washed with 
dichloromethane to yield the tide compound as a white solid (0.086 g, 76%). 
15 MS(ESI): 380.1 (M+H)+. 



Example 68 

Preparation of 2-fN-fN-aceM-L-teucinvl il^'-rN'-r N-benzvloTv^Thnnyl^ r 

alanvnicarbohydraririe 
20 a) 2-[N-(N-benzyloxycarbonyl-I^alanyl)]carbohydra2ide 

Following the procedure of Example 62(a)-62(d), except substituting L- 
alanine ethyl ester hydrochloride for L-leucine methyl ester hydrochloride in step 
(a), the title compound was prepared as a pale yellow foam (1.1 g, 3.8 mmol). 
MS(ESI): 296.2 (M+H)+. 

25 

b) 2-[N-(N-acetyl-L-leucmyl)J-2 , -[N'KN-benzyloxycarbonyl-L- 
alanyl)]carbohydrazide 

To a stirring solution of the compound of Example 63(d) (0. 150g, 

O.508mmol) in DMF (2mL) was added N-acetyl-L-leucine (0.092g, 0.534mmol), 1- 

30 hydroxybenzotriazole (0.014g, 0. 102mmol), and l-(3Khmewylaminopropyl)-3- 

emylcarbodiimide hydrochloride (0. 102g, 0.534mmol). After stirring at room 
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temperature for 16k the solution was diluted with ethyl acetate, washed 
successively with water, saturated aqueous sodium bicarbonate, and brine. The 
organic layer was dried (MgS(>4), filtered and concentrated. The residue was 
purified by column chromatography (silica gel, methanol/dichloromethane) to yield 
5 the title compound as a white solid (0.028 g, 12%). MS(ESI): 45 1 . 1 (M+H)+ 



Exam ple 69 

Preparation of 2-rN^-acetvl-L-alanvl^^^ 

^cfflyDlcartQhydraadc 
10 Following the procedure of Example 68(b), except substituting N-acetyl-L- 

alanine for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazide for 2-[N-(N4>enzyloxycarbonyl-I^alanyl)]carbohydrazide, 
the title compound was prepared as a white solid (0.050 g, 25%). MS(ESI): 473.1 
(M+Na)+ 

15 

Example 70 

Preparation of 2-fN-ftl-benzvloxvcarbon^ 

dimethvlaminomethvnbenzovnncarfaohvdrazide 
a) methyl 4-(N J4-dimethylajninomethyl)benzoate 

20 Methyl 4-(bromomethyl)benzoate (2.0 g, 8.73 mmol) was added to a 

saturated solution of dimethylamine in methanol. After stirring for 25 min, the 
solution was concentrated and the residue was partitioned between IN NaOH and 
ethyl acetate. The organic layer was washed with saturated brine, dired (MgS04), 
filtered, and concentrated to provide the title compound as a colorless liquid (1.67 g, 

25 99%). *H NMR (250 MHz, CDC1 3 ) 8 8.00 (d, 2H), 7.39 (d, 2H), 3.91 (s, 3H), 3.47 
(d, 2H), 2.25 (s,6H). 



b) 4-(N J^-dimethylaminomethyl)benzoic acid lithium salt 

The compound of Example 70(a) (1.67 g, 8.6 mmol) was dissolved in 
30 THF/H 2 0 (1:1) and LiOH*H 2 0 (0.39 g, 9.3 mmol) was added The mixture was 
stirred at room temperature for 0.5h, then taken to reflux for 1.5h. The mixture was 
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concentrated, redissolved in 25mL of water and reconcentrated to yield a white solid 
(1.6 g, 100%). lH NMR (400 MHz, CD3OD) 6 7.94 (d, 2H), 7.36 (d, 2H), 3.64(s, 
2H),2.35(s,6H). 

c) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-fN , -[4-(N^- 
dimethylaminomethyl)benzoyl)]]carbohydrazide 

Following the procedure of Example 68(b), except substituting 4-(N,N- 
dimethylaminomethyl)benzoic acid lithium salt for N-acetyl-L-leucine and 2-[N-(N- 
beiizyloxycart)onyl-L-leucmyl)]caibohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyDJcarbohydrazide, the title compound was prepared as a pale yellow solid 
(0.050 g, 17%). MS(ESI): 499.1 (M+H)+. 

Example 71 

Preparation of 2'fN^-benrvloxvcarbonvi-i^ieu C invni.? ' -fN , -r4-hvrimTy.f ^ 4. 

morpholinoTnethvl^Higny^vnraf hohvrirariHp 
Following the procedure of Example 68(b), except substituting 4-hydroxy-3- 
(4-morpholinomethyl)benzoic acid for N-acetyl-L-leucine and 2-[N-(N- 
benzyloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycaibonyl-L- 
alanyl)]caibohydrazide, the title compound was prepared as a white solid (0.065 g, 
26%). MS(ESI): 557.0 (M+H)+. 
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Example 12 

Preparation of 2-rN-(N-benzvloxvcarbonvl-I^^ 
dimethvlaminomethvttbenzvto 

a) a-isocyanato-L-leucine methyl ester 

5 L-leucine methyl ester hydrochloride (25 g t 0. 14 mol) was dissolved in 

methylene chloride (450 mL), cooled to 0 °C, and pyridine (43.5 g, 0.55 mol, 44.5 
mL) was added, then a 1.93 M solution of phosgene in toluene (0.18 mol, 92.7 mL) 
was added slowly. After stirring at 0 °C for 2 h, the mixture was poured into 1400 
mL of 0.5 N Hcl and 900 mL of ice. The organic layer was washed with 1400 mL 

10 of 0.5 N Hcl and 900 mL of ice. The aqueous layers were extracted with methylene 
chloride (450 mL) and the combined organic layers were washed with 1400 mL of 
saturated brine and 900 mL of ice, then dried (MgS(>4), filtered and concentrated. 
The residue was distilled (56-58 °C; 0.78 mmHg) to provide the title compound as a 
colorless liquid (20.4 g, 86%). l H NMR (250 MHz, CDC1 3 ) 8 4.04 (dd, 1H), 3.82 

15 (s, 3H), 1.92-1.72 (m, 1H), 1.69-1.62 (m, 2H), 0.96 (d, 3H), 0.94 (d, 3H). 

b) 4-{N,N-dimethylamino)benzyl alcohol 

To a stirring solution of the compound of Example 70(a) (1 .63 g, 8.4 mmol) 
in 25 mL of ether, cooled to 0 °C, was added dropwise a 1 M solution of lithium 

20 aluminum hydride (8.4 mmol, 8.4 mL). After 5 min, the reaction was quenched by 
the addition of water (0.33 mL), 15% aqueous NaOH (0.33 mL) and water (1.0 
mL). The precipitate was removed by filtration, washed with ether 2 times and the 
filtrate was concentrated to provide the title compound as a colorless oil (1.36 g, 
98%). J H NMR (250 MHz, CDCI3) 8 7.32 (d, 2H), 7.28 (d, 2H), 4.68 (s, 2H), 3.41 

25 (s,2H),2.22(s,6H). 

c) N-[4-(N^-dimethylaminomethyI)benzyloxycarbonyl]-I^leucine methyl 
ester 

A solution of the compound of Example 72(a) (1 .0 g, 5.8 mmol) and the 
30 compound of Example 72(b) in toluene (6 mL) was heated at reflux for 24 h. The 
solution was concentrated and the residue was purified by flash chromatography on 
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60 g of 230-400 mesh silica gel, during with 5% methanol in methylene chloride, to 
provide the title compound as a pale yellow oil (1.71 g, 87%). »H NMR (400 MHz, 
CDQ 3 ) 5 7.31 (s, 4H), 5.13 (d, 1H), 5.10 (s, 2H), 4.41 (m, 1H), 3.74 (s, 3H), 3.43 
(s, 2H), 2.24 (s, 6H), 1.70-1.62 (m, 2H), 1.52 (m, 1H), 0.96 (d, 3H), 0.94 (d, 3H). 

5 

d) N-[4-(N^-dimemylammomemyl)beiizyloxycarbonyl]^ lithium salt 
Following the procedure of Example 70(b), except substituting N-[4-(N,N- 

<limemylaimnomemyl)beii2yIoxycarbonyl]-L-leuc^ methyl ester for methyl 4- 
(N,N-dimethyiaminomethyl)benzoate, the tide compound was prepared as a white 
10 solid (1.57 g, 95%). lH NMR (400 MHz, CD3OD) 6 7.35 (d, 2H), 7.30 (d. 2H), 
5.06 (dd, 2H), 4.10 (dd, 1H), 3.48 (s, 2H), 2.23 (d, 6H), 1.69-1.51 (m, 3H), 0.94 (d, 
3H),0.93(d,3H). 

e) 2-[N-(N-benzyloxyaubOTyl-IM^ 

1 5 diinemylanimomemyl)benzyloxy]caibonyI-L-leuciny]]{^^ 

Following the procedure of Example 68(b), except substituting N-[4-(N,N- 
dhnemylammoinethyl)benzyloxycarbonyl]-L-leucine lithium salt for N-acetyl-L- 
leucine and 2-fN-(N-benzyloxycaibonyl-L-leucmyl)]caibohydrazide for 2-[N-(N- 
benzyloxycarbonyl-L-alanyl)]carbohydrazide, the tide compound was prepared as a 

20 white solid (0.069 g, 18%). MS(ESI): 642. 1 (M+H)+. 

Example 73 . 

Preparation pf 2-(N-benzovl VT-rN'-fN-henrvloTvra^Yl-J 

lgwinYDIcarbohydrawde 
25 Following the procedure of Example 62(e) except substituting benzoyl 

chloride for4-phenoxyphenylsulfonylchloride, the title compound was prepared as a 
white solid (61mg, 31%). MS(ESI): 442.1 (M+H)+. 
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Preparation of 2-rN-(N-benzvloxvca^ 

morpholigomethvnbenzovnicartx)hvdrazide 

a) methyl 3-(4-moipholinomethyl)benzoate 

5 A solution of morpholine (0.836 g, 9.6 mmol) and methyl 3- 

(bromomethyl)benzoate in THF (5 mL) and DMF (5 mL) was stirred at 50 °C for 
3h. The solution was partitioned between ethyl acetate and water. The organic 
layer was washed successively with water, saturated aqueous NaHCC^, and brine 
then dried (MgSC>4), filtered and concentrated to yield a colorless oil (0.872 g, 3.72 
10 mmol). lH NMR (400 MHz, CDCI3) 8 7.99 (s, 1H), 7.91 (d, 1H), 7.55 (d, 1H), 
7.47 (t, 1H), 3.94 (s, 3H), 3.72 (m, 4H), 3.53 (s, 2H), 2.46 (m, 4H). 

b) 3-(4-morpholinomethyl)benzoic acid 

To a solution of the compound of Example 74(a) (0.872 g, 3.72 mmol) in 
15 THF (3 mL) and water (3 mL) was added lithium hydroxide monohydrate (0.171 g, 
4.08 mmol). After stirring at room temperature for 3h, the solution was 
concentrated. The residue was redissolved in water (5 mL) and 3N HC1 was added 
and the solution was lyophilized to yield a yellow solid (0.822 g, 3.72 mmol). 
MS(ESI): 222.0 (M+H)+. 

20 

c) 2-[NKN-benzyloxycarbonyl-L-leucinyI)]-2 , -[N-[3-(4- 
morpholinomethyl)benzoyl]]carbohydrazide 

Following the procedure of Example 68(b), except substituting 3-(4- 
morpholinomethyl)benzoic acid for N-acetyl-L-leucine and 2-[N-(N- 
25 benzyloxycarbonyI-L-leucinyl)]carbohydra2ide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.056 g, 
20%). MS(ESI): 541.0 (M+H)+ 
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Example 75 

Preparation of 7-rN-n-henzvlQxvhen7x>vni-2 , -rN'.rN^nr y i QT v Car f W nvi.i . 

lwtinvnicaAohvdnmrte 
a) methyl 3-benzyloxybenzoate 
5 To a suspension of NaH (0.395 g, 9.87 mmol, 60% in mineral oil) in DMF 

(20 mL) was added methyl 3-hydroxybenzoate (1 .0 g, 6.58 mmol). After stirring 
for 15 min at room temperature, benzyl bromide (1.1 g, 6.58 mmol) was added. 
After stirring at room temperature for 3h, the solution was partitioned between ethyl 
acetate and water. The organic layer was washed with water (2 X 75 mL), saturated 
10 aqueous sodium bicarbonate, and brine, then dried (MgS0 4 ), filtered and 

concentrated to yield an off-white solid (1.013 g, 42 mmol). NMR (400 MHz, 
CDQ 3 ) 8 7.67 (m, 2H), 7.48-7.34 (m. 6H), 7.19 (m, 1H), 5.12 (s, 2H), 3.95 (s, 3H). 

b) 3-benzyloxybenzoic acid 
15 To a solution of the compound of Example 75(a) (0.400 g, 1 .65 mmol) in 

THF (2 mL) and water (2 mL) was added lithium hydroxide monohydrate (0.076 g, 
1.82 mmol). After stirring at reflux for 5 h, the solution was partitioned between 
ethyl acetate and 3N HC1. The organic layer was washed with brine, dried 
(MgS0 4 ), filtered and concentrated to yield a white solid (0.355 g, 1.56 mmol). !h 

» NMR(400MH2,CD3OD)67.58(m2H),7.36-7.24(m.6H),7.10(m, 1H),5.04 
(s,2H). 



c) Z-INKS-benzyloxybenzoyOJ-r-rN'-^-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazide 

Following the procedure of Example 68(b), except substituting 3- 
benzyloxybenzoic acid for N-acetyl-L-leucine and 2-[N-(N-benryloxycarbonyl-L- 
IeucmyI)Jcarbohydrazide for 2-rN-(N-ben2yloxycarbonyl-l^alanyl)]carbohydrari 
the title compound was prepared as a white solid (0.062 g, 25%). MS(ESI): 548. 1 
(M+H)+. 



120 



WO 97/16433 



PCT/US96/18000 



Example 76 

Preparation of 2-rN^-benzvloxvcarto^^ 

riiimhytommftVl-propyto^^ 

a) methyl 4-[3-(N Y N-dimethy lamino)* 1 -propyloxyjbenzoate 

5 To a solution of methyl 4-hydroxybenzoate (1 .0 g t 6,58 mmol) v 3- 

dimethylamino-l-propanol (1.01 g, 9.87 mmol), and triphenylphosphine (2.6 g, 9.87 
mmol) at 0°C in THF (20 mL) was added dropwise diisopropyl azodicaiboxylate 
(1 .99 g, 9.87 mmol). After stirring for 16 h at room temperature the solution was 
concentrated and the residue purified by column chromatography (silica gel, 
10 methanol/dichloromethane) to yield the title compound as an oily solid (1.25 g, S.2 
mmol). MS(ESI): 238.1 (M+H)+. 

b) 4-[3-(NJ^-dimethylamino)-l-piopyloxy]benzoic acid 

Following the procedure of Example 74(b) except substituting methyl 4-[3- 
15 (N J^Klimethylamino)- 1 -propyloxyjbenzoate for methyl 3-(4- 

morpholinomethyl)benzoate, the title compound was prepared as a tan solid (1.17 g, 
5.2 mmol). MS(ESI): 224.1 (M+H)+ 

c) 2-[N-(N-benzyloxycarbonyl-L-^ 
20 1 -propyloxy]benzoyl]]carbohydrazide 

Following the procedure of Example 68(b), except substituting 4-[3-(N,N- 
dimethylamino)- 1 -propy loxy ]benzoic acid for N-acetyl-L-leucine and 2-[N-(N- 
ben2yloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycaibonyl-L- 
alanyI)]carbohydrazide, the title compound was prepared as a white solid (0.060 g, 
25 21%). MS(ESI): 543.1 (M+H)+ 
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Example 77 

Eceparation of ?-rN-r2-benzvioxvbenzovm-r-rN'^N-b eM vinTvr a f^ n Yl-T - 

leurinvlHcaibohvdrazide 
Following the procedure of Example 68(b), except substituting 2- 
5 benzyloxybenzoic acid for N-acetyl-L-leucine and 2-rN-(N-benzyloxycarbonyl-L- 
leucinyl)]caibohydrazide for 2-[NKN-*enzyloxycarbonyl-L-alanyl)]carbohydrazide, 
title compound was prepared as a white solid (0.056 g, 23%). MS(ESI): 548.1 
(M+H)+. 

10 Example 78 

Preparation of 2-rN-fN-benzvloxvcartxmvl-T ^ eucinvnT-2 , -rM'-r^4- 
imidYlmethoxv)benzovnicarfaohvdraride 

a) methyl 4-pyridinylmethoxybenzoate 
Following the procedure of Example 76(a) except substituting methyl 3- 

hydroxybenzoate for methyl 4-hydroxybenzoate and 4-pyridylcaibinol for 3- 
dimethylamino- 1 -propanol, the title compound was prepared as a yellow solid 
(0.599 g, 2.5 mmol). MS(ESI): 244.1 (M+H)+. 

b) 4-pyridiny lmethoxybenzoic acid 
Following the procedure of Example 75(b) except substituting methyl 4- 

pyridylmethoxybenzoate for methyl 3 -benzy loxy benzoate the title compound was 
prepared as a yellow sohd (0.386 g, 1.69 mmol). lfl[ NMR (400 MHz, CD 3 OD) 5 
8.54 (d, 2H). 7.64 (m, 2H), 7.57 (m, 2H), 7.40 (m, 1H), 7.26 (m, 1H), 5.24 (s, 2H). 

c) 2-[N-(N-benzyloxycarbonyl-I^teucinyl)]-2'-[N , -[3-(4- 
pyridylmemoxy)beiizoyl]jcarbohydrazide 

Following the procedure of Example 68(b), except substituting 4- 
pyridinylmethoxybenzoic acid for N-acetyl-Heucine and 2-[N-(N- 
beiizyloxycarbonyl-L-leucinyI)]carbohyiazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]carbohydrazide, title compound was prepared as a white solid (0.219 g, 
67%). MS(ESI): 549.1 (M+H)+ 
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Example 79 
Preparation of 2-rN-(4-benzvloxvte^ 

)euciqyl)lpart>otiychraa^ 
5 Following the procedure of Example 75(a)-75(c) except substituting methyl 

4-hydroxybenzoate for methyl 3 -hydroxy benzoate in step (a), the title compound 
was prepared as a white solid (0.160 g, 49%). MS (ESI): 548.1 (M+H)+. 

10 Preparation of 2-rN-fl^-benzvloxvcarbonvl-^ 

mgthQ^)bcnzQYllg^hY<M^ 

a) methyl 3-hydroxy-5-methoxybenzoate 

A suspension of methyl 3,5-dihydroxybenzoate (2.0 g, 1 1.9 mmol), K2CO3 
(1.6 g, 1 1.9 mmol), and iodomethane (1.7 g, 1 1.9 mmol) in acetone (100 mL) was 

IS stirred at reflux. After stirring for three hours the mixture was partitioned between 
ethyl acetate and water. The organic layer was washed with brine, dried (MgSO>4), 
filtered and concentrated. The residue was purified by column chromatography to 
yield the title compound as a white solid (0.813 g, 4.4 mmol). *H NMR (400 MHz, 
CDCI3) 57.16 (m, 1H), 7.12 (m, 1H), 6.61 (m, 1H), 5.04 (s, 1H), 3.91 (s, 3H) 3.82 

20 (s, 3H). 

b) methyl 3-benzyloxy-5-methoxybenzoate 

Following the procedure of Example 80(a) except substituting methyl 3- 
hydroxy-5-methoxybenzoate for methyl 3,5-dihydroxybenzoate and benzyl bromide 
25 for iodomethane, the title compound was prepared as a tan oil (1.2 g, 4.4 mmol). 
*H NMR (400 MHz, CDCI3) 5 7.45-7.31 (m, 6H), 7.24 (s, 1H), 6.76 (m, 1H), 5.09 
(s, 2H), 3.95 (s, 3H), 3.84 (s, 3H). 

c) 3-benzyIoxy-5-methoxybenzoic acid 

30 Following the procedure of Example 75(b) except substituting methyl 3- 

benzyloxy-5-methoxybenzoate for methyl 3-benzyloxybenzoate, the title compound 
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was prepared as an orange solid (1. 14 g, 4.4 mmol). 1 HNMR (400 MHz, CDCI3) 6 
7.42-7.20 (m, 7H), 6.71 (m, 1H), 5.05 (s, 2H), 3.80 (s, 3H). 

d) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2'-[N'-(3-benzyloxy-5- 
5 methoxy)benzoyl]carbohydrazide 

Following the procedure of Example 68(b), except substituting 3-benzyloxy- 
5 -methoxy benzoic acid for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazide for 2-[N-(N-berizyIoxyairbOTyl-L-alanyl)]carborty 
title compound was prepared as a white solid (0.201 g, 59%). MS(ESI): 578.0 
10 (M+H)+. 

Example 81 

Preparation of 2-fN-m-beiizvloxvcaifaonvl4^» W i dnvni-2'-rN , -r3-h e nrvlnTv-4 s - 
dimethoxv^henzovllcarbohydrariHe 
Following the procedure of Example 68(b), except substituting 3-benzyloxy- 
4,5-dimethoxybenzioc acid for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl- 
L-leucmyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]carbohydrazide, the tide compound was prepared as a white solid (0.155 g, 
43%). MS(ESI): 607.9 (M+H)+. 

Example 82 

Eraaration of 2-rN-(N-beiizvloxvciiri»onvl^^ 

ethoxv^benzovncaAohvdrazirie 
Following the procedure of Example 80(a)-80(d) except substituting 
iodoethane for iodomethane in step (a), the title compound was prepared as a white 
solid (0.162 g, 46%). MS(ES1): 592.3 (M+H)+. 
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Example 83 

Preparation of 

Following the procedure of Example 68(b), except substituting N- 
5 benzyloxycarbonylglycine for N-acetyl-L-leucine and 2-[N-(N-benzyloxycarbonyl- 
L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.204 g, 
65%). MS(ESI): 529.2 (M+H)+ 

10 Eagplfc^ 

Preparation of 2-rN-(3-benzvloxvbenzovl^^ 

proUnvttlcarbohvdrazide 

a) 2-[N-(3-benzyloxybenzoyl)]carbohydrazide 

Following the procedure of Example 62(b)-62(d) except substituting methyl 
1 5 3-benzyloxybenzoate for N-benzyloxycarbonyl-L-leucine methyl ester in step (b), 
the title compound was prepared as an off white solid (0.421 g t 67%). MS(ESI): 
301.1 (M+H)+ 

b) 2-[N-(3-benzyloxybenzoyi)]-2'-^^ 
20 prolinyl)]carbohydrazide 

Following the procedure of Example 68(b), except substituting N- 
benzyloxycarbonyl-L-proline for N-acetyl-L-leucine and 2-[N-(3- 
benzyloxybenzoyl)Jcarbohydrazide for 2-|N-(N-benzyIoxycarbonyl-L- 
a]anyl)]carbohydrazide, the title compound was prepared as a white solid (0.219 g, 
25 62%). MS(ESI): 532.0 (M+H)+. 
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Example 85 

Prepararion of 2.fN-m-benrvlmtvr.ar honvl-L-]eucinvm-T-rN , .rA. 
phenvlDhenvlacetvnicarhohvdfay.M<> 
Following the procedure of Example 68(b), except substituting 4- 
5 biphenylacetic acid for N-acetyl-L-leucine and 2-[N-(N-beiizyloxycarbonyl-L- 
leucinyl)]carbohydrazide for 2-[N^-benzyloxycarbonyl-I^alanyl)]carbohydrazide, 
the title compound was prepared as a white solid (0.224 g, 71%). MS (ESI): 554.2 
(M+Na)+. 

10 Esamck_&£ 

Preparation of (2\SV2-n^-f3-ber^loxvhenzovni.2^rN'^ ^ n ^inxv^rh ft nvi-?. 

aminohutvrvnicarhohvrirawrfft 
Following the procedure of Example 68(b), except substituting (S)-N- 
benzyloxycarbonyI-2-aminobutyric acid for N-acetyl-L-leucine and 2-[N-(3- 
15 bcnzyloxybenzoyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.244 g, 
70%). MS (ESI): 520.3 (M+H)+. 

Example 87 

20 Preparation of 2.2 , -rN.N , -fbis-(4-phenvlphen vlacetvni1cafhnhvrir a TiA> 

To a stirring solution of carbohydrazide (0.200 g, 2.22 mmol) in DMF (12 
mL) was added 4-biphenylacetic acid (1.04 g, 4.89 mmol), 1-hydroxybenzotriazole 
(0.060 g, 0.444 mmol), and H3-dimethylaininopropyI)-3-ethyl^^ 
hydrochloride (0.937 g, 4.89 mmol). After stirring at room temperature for 16 h, 

25 the solution was poured into 150 mL of water. The precipitate was filtered and 
washed with water (150 mL) and dried under high vacuum to yield the title 
compound as a white solid (0.977 g, 92%). MS(ESI): 501.1 (M+Na)+. 
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Example 8g 

Preparation of r2 l RS>-2-fN-m-benzvloxvcarfaonvl-L-leucin vm-2'-r2-^4- 

phenvlphenoxv)propionvllcarix)hvdrazide 
Following the procedure of Example 68(b), except substituting 2-(4- 
5 phenylpbenoxy)propionic acid for N-acetyl-L-leucine and 2-[N-(N- 

benzyloxycarbonyl-L-leucinyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.183 g, 
73%). MS(ESI): 562.3 (M+H)+. 

10 Esample89 

Preparation of 2-rN-f3-benzvloxvbeii2ovm-2'-rN 1 -r4- 
methylpentanoynicarbphydrazide 
Following the procedure of Example 68(b), except substituting 4- 
methylpentanoic acid for N-acetyl-L-leucine and 2-[N-(3- 
1 S benzy loxybenzoyl)]carbohy drazide for 2-[N-(N-benzy loxycarbonyl-L- 

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.079 g, 
30%). MS(ES1): 399.3 (M+H)+. 
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Example 90 

Preparation of (2RS. 2'RSV 2^'-rN.N'.fhi fi -f2-r4-Dhenvl p h < .n y l\^l- 

metfavlpentanovl^mcfl^Y^rari^f 
a) 4-methyl-2-(4-phenylphenyl)pent-4-enoic acid 
5 To a stirring solution of diisopropylamine (0.537 g, 5.3 1 mmol) in THF (52 

mL) at 0 °C was added n-butyllithium (2.1 mL, 5.22 mmol, 2.5M in hexane) 
dropwise. After stirring for 15 min at 0 °C, the mixture was cooled to -78 °C and a 
solution of 4-biphenylacetic acid (0.500 g, 2.36 mmol) in THF (2 mL) was added 
dropwise. After again warming to 0 °C and coolling to -78 °C, 3-bromo-2- 

10 methylpropene (0.485 g, 3.54 mmol) was added to the mixture in one portion. After 
stirring at -78 °C for lh, the reaction was quenched with 2 mL of water then 
concentrated. The residue was redissolved in water and extracted with ether (100 
mL). The aqueous layer was acidified (3N HQ) and extracted with ether (3 X 100 
mL). The organic layers were combined, dried (MgS0 4 ), filtered and concentrated 

15 to yield a white solid (0.449 g, 72%). MS(ESI): 265.3 (M+H)\ 

b) 4-methyl-2-(4-phenylphenyl)pentanoic acid 

To a stining solution of the compound of Example 90(a) (0.449 g, 1 .69 
mmol) in ethyl acetate (25 mL) was added palladium on carbon (0.225 g). After 
20 stirring under a balloon of hydrogen for 16b, the mixture was filtered through 
Celite. The filtrate was concentrated to yield an off white solid (0.430 g, 95%). 
MS(ESI): 267.4 (M+H)\ 

c) 2RS, 2 , RS)-2^-[N^ , -[bis-[2-(4-phenylphenyl)-4- 
25 methylpentanoyl)] ] ]carbohydrazide 

Following the procedure of Example 87 except substituting 4-methyl-2-(4- 
phenylphenyl)pentanoic acid for 4-biphenylacetic acid, the title compound was 
obtained, after purification by column chromatography (silica gel, 
methanol/dichloromethane), as a white solid (0.143 g, 33%). MS(ESI): 591.3 
30 (M+H)+. 
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Preparation of (2T*Sl2-fN-m-benzvloxvc^ 

DhcnvlDhenvlV4-methvlDentanovni1carfaohvdra2ade 
Following the procedure of Example 68(b), except 4-methyl-2-(4- 
5 phenylphenyl)pentanoic acid for N-acetyl-L-leucine and 2-[N-(N- 

benzyloxycarbonyl-L-leucinyI)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 
alanyl)]caibohydrazide, the title compound was prepared as a white solid (0.111 g, 
42%). MS(ESI): 588.1 (M+H)+ 

10 E*3mplg?2 

Preparation of (2 , RSV2>rN-(^benzv loxvbenzovnv 2 , >fN < -r2-r4>phenvlphenvn^- 
methvlpentanovnncarbo hvdrazide 
Following the procedure of Example 68(b), except substituting 4-methyl-2- 
(4-phenylphenyl)pentanoic acid for N-acetyl-L-leucine and 2-[N-(3- 
15 benzyloxybenzoyl)]carbohydrazide for 2-[N-(N-benzyloxycarbonyl-L- 

alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.195 g, 
53%). MS(ESI): 551.1 (M+H)+ 

EMUQgte 93 

20 Preparation of 2-rN^3-benzvloxvbenzovni-2 < -r^ 

Following the procedure of Example 68(b), except substituting N- 
benzyloxycarbonyl-N-methyl-Ueucine for N-acetyl-L-leucine and 2-[N-(3- 
benzyloxybenzoyl)]caibohydrazide for 2-[N-(N-benzyloxycartx>nyl-L- 
25 alanyl)]carbohydrazide, the tide compound was prepared as a white solid (0.341 g, 
91%). MS(ESI): 562.2 (M+H)+ 
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Preparation of Z-fN-rS-henTvloTyhen^vp i^'-nST-fN-q. 
PVridinvlmethoxvcaibonvlV-L.leucinvm caThohvdrayiri^ 

a) N-(2-pyridinyImethoxycarbonyI)-L-leucine methyl ester 
Following the procedure of Example 72(c), except substituting 2- 

pryidylcarbinol for 4-{N r N-dimethylamino)benzy 1 alcohol, the title compound was 
prepared as a brown oil (8.06 g, 89%). MS(ESI): 281.2 (M+H)+. 

b) 2-IN-(2-pyridmylytaetooxycarbonyl^ 

Following the procedure of Example 62(b>62(d) except substituting N-(2- 
pyridmylmemoxycarbonyI)-I^leucine methyl ester for L-leucine methyl ester in step 
(b), the title compound was prepared as a pale yellow foam (0.598 g, 69%). 
MS(ESI): 339.3 (M+H)+. 

c) 2-[N-(3-beiizyloxybeiizoyI)]-2 , -[^-[N^^ 
leucinyljjcarbohydrazide 

Following the procedure of Example 68(b), except substituting 3- 
benzyloxybenzoic acid for N-acetyl-L-leucine and 2-[N-(2- 
pyridmylylmetnoxycarbonyl)-L-leucmyl]carbohydrazide for 2-[N-(N- 
benzyloxycarbonyl-l^alanyl)]carbohydrazide, the title compound was prepared as a 
white solid (0.057 g, 33%). MS(ESI): 549.2 (M+H)+. 

Example 95 

Effioaration of 2-fN-f 3-f4-pvridvlmethoxvihen7i.vm .2'-rN'-rN^. 
PVndiPYlmemoxvcarbonvlVI^leucinvnic arbohvdraride 
Following the procedure of Example 68(b), except substituting 3-(4- 
pyridinylmethoxy)benzoic acid for N-acetyl-L-leucine and 2-[N-(2- 
pyiidinylylmemoxycarbonyl)-L-leucinyl]carbohydra2ide for 2-(N-(N- 
benzyloxycartwnyl-L-alanyOJcarbohydrazide, the tide compound was prepared as a 
yellow solid (0.088 g, 27%). MS(ESI): 550.2 (M+H)+. 
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Exginple 96 

Preparation of f2RSV2-m-r2-f4-phenvlphenvlM-methvlpentanovI^1-2'.rN'.fN-/?- 
PvridinvlmethoxvcarbonvlVL-IeucinvlllcarfaohvdraTjdp- 
Following the procedure of Example 68(b), except 4-methyl-2-(4- 
5 phenylphenyl)peiitanoic acid for N-acetyl-L-leucine and 2-[N-(2- 
pyridinylylniethoxycarbonyl)-L-leucmyl]carbobydiazide for 2-(N-(N- 
benzyloxycarbonyI-L-alanyl)]carbohydrazide, the tide compound was prepared as a 
yellow solid (0.056 g, 24%). MS(ESI): 589.4 (M+H)+ 



10 Example 97 

Preparation of 2-rN^-beiizvIoxvcarbonvl^ 

4-methvlpentanovnilcaifaohvdrazide 
The tide compound was prepared from the compound of Example 91 using 
HPLC (Sumipax OA-3 100, 4.6 X 150 mm, 80/20 hexane/ethanol, 1 .0 mL/min, 
15 retention time = 5.9 min). 

Example 98 

Preparation of 2-rN^-benzvloxvcaifaonvl-I^leucinvni-2'-rN'-r2^ 4- P henvlphenvlW 
4-methvlpentanovmicarfaohvdrazide 
20 The title compound was prepared from the compound of Example 9 1 using 

HPLC (Sumipax OA-3 100, 4.6 X 150 mm, 80/20 hexane/ethanol, 1 .0 mL/min, 
retention time = 8.1 min). 
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Example 99 

Preparation of 2-fN-rN-benzvloxvcarfioiivl-T ,.1 eU ciiivni.7--ny-fN-f ^- 

PhCTYlnhenvl)-N^2-methvlDrtmvl^fh a m ovnicaAnh V ri^^Hy 
To a stining solution of phosgene (0.228 mL, 0.244 mmol, 12.5% solution 
5 in benzene) was added dropwise a solution of N-(2-methylpropyl)- N-(4- 
phenylphenyl)amine (0.050 g, 0.222 mmol) and triethylamine (0.025 g, 0.244 
mmol) in dichloromethane (1 mL). After stirring at room temperature for 15 min 
this solution was added dropwise to a solution of the compound of Example 1(d) 
(0.083 g, 0.244 mmol) and triemyhunine (0.025 g, 0.244 mmol) in dichloromethane 
10 (1 mL) at room temperature. After stirring at room temperature for 48h, N- 
methylmorpholine (0.022 g, 0.222 mmol) and DMF (2 mL) were added to the 
solution and heated at 50 °C for 16h. The solution was then diluted with ethyl 
acetate (5mL) and washed successively with water, aqueous saturated NaHC0 3 , and 
brine. The organic layer was dried (MgS0 4 ), filtered and concentrated. The 
15 residue was purified by column chromatography (silica gel, methanol/ 

dichloromethane) to yield the title compound as a yellow solid (0.023 g, 18%). 
MS(ESI): 589.4 (M+H)+. 

Example 100 

20 Preparation of 2-iN^3^nzvloxvbenzovni-? '-rN , -fN-fnPth Y l -l - 

leurinvlilcaihohvrfrayjrfo 
a) Z-tN-tf-benzyloxybeiizoyOl-T-rN^ 
Ieucinyl)]carbohydrazide 

Following the procedure of Example 68(b), except substituting N-terr- 
25 butoxycarbonyl-N-methyl-L-leucine for N-acetyl-L-leucine and 2-[N-(3- 
beiizyIoxybeiizoyl)]carborrydnizide for 2-(N-(N-benzyloxycarbonyl-L- 
alanyl)]carbohydrazide, the title compound was prepared as a white solid (0.1 83g, 
69%). MS(ESI): 550.4 (M+Na)+. 
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b) 2-|>H3-benzyloxybenzoyl)]-2 , -[N , ^-methy^ 

To a stirring solution of the compound of Example 100(a) (0. 100 g, 0. 189 
mmol) in dichloromethane (1 mL) was added trifluoroacetic acid (0.296 g, 2.5 
mmol). After stirring at room temperature for IS min, the solution was 
5 concentrated and the residue was purified by column chromatography (silica gel, 
methanol/dichloromethane) to yield the title compound as a white solid (0.0SS g, 
68%). MS(ESQ: 428.4 (M+H)+ 



Example 1Q1 

10 Preparation of 2-n^4)enzvloxvcarfaonvl-l^ 

tewcipyOlMrtQbyA^a^ie 
Following the procedure of Example 100(a)-100(b), except substituting 2- 
[N^-benzyloxycaibonyl-I^leucinyl)]carbohydrazide for 2-[N-(3- 
benzyloxybenzoyl)]carbohydrazide in step (a), the title compound was prepared. 
15 MS(ESI): 465.5 (M+H)+. 



Example IQ2 
Preparation of nSVN-r24a4>enzvloxvcarbonvl^ 

20 a) N-benzyloxycarbonyl-L-leucinamide 

To a stirring solution of N-benzyloxycarbonyl-L-leucine (4.6 g, 17.3 mmol) 
in THF, cooled to -40 °C, was added N-methylmorpholine (3.68 g, 36.4 mmol; 4.0 
mL) and isobutyl chlorofonnate (2.37 g, 17.3 mmol; 2.25 mL). After stirring for 15 
min, ammonia was bubbled through the solution for 5 min. The solution was 

25 warmed to room temperature, evaporated, and the residue was dissolved in ethyl 
acetate, washed with 0. 1 N Hcl, and saturated brine, then dried (MgS0 4 ), filtered 
and evaporated to dryness to give the title compound as a white solid (4.58 g, 
100%). 
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b) N-benzyloxycarbonyl-L-leucinethioamide 

A solution of the compound of Example 102(a) (4.58 g, 17.3 mmol) and 
Lawesson's reagent (4.21 g, 10.4 mmol) in THF was allowed to stir at room 
temperature for 16 h. The solution was concentrated and the residue was purified 
5 by flash chromatography on 230-400 mesh silica gel, eluting with 1 :3 

EtOAc/hexanes, to provide the tide compound as a pale yellow solid (3.74 g, 77%). 

c) (lS)-l-benzyloxycarbonyIamino-l-(4-cart)oemoxythiazol-2-^^ 
methylbutane 

10 The compound of Example 102(b) (2.20 g, 7.83 mmol) was dissolved in 

acetone (35 mL), cooled to -10 °C, and ethyl bromopyruvate (1.68 g, 8.62 mmol, 
1.08 mL) was added. After stirring for 1 h, the solution was poured into methylene 
chloride/water, then into saturated aqueous NaHCC^. The aqueous layer was 
extracted with methylene chloride and the combined organic layers were washed 

15 with saturated brine, dried (MgS0 4 ), filtered and concentrated. The residue was 
dissolved in methylene chloride, cooled to -20 ° C, pyridine (1.36 g, 17.2 mmol, 
1.39 mL) and trifluroracetic anhydride (1.81 g, 8.62 mmol, 1.22 mL) were added. 
After stirring for 1 h, the solution was washed with saturated squeous NaHCC>3 ana ' 
saturated brine, then dired (MgS04>, filtered, and concentrated. Tge residue was 
20 purified by flash chromatography on 90 g of 230-400 mesh silica gel, eluting with 
1 :3 ethyl acetate/hexanes, to provide the title compound as a pale yellow oil (2.36 g, 
80%). lH NMR (400 MHz, CDC1 3 ) 5 8.08 (s, 1H). 7.38 (m, 5H), 5.42 (s, 3H), 
5.23-5.07 (m, 3H), 4.42 (q, 2H), 2.01-1.62 (m, 3H), 1.41 (t, 3H), 0.99 (d, 6H). 

25 d) ( 1 S)- 1 -benzyloxycarbonylamino- 1 -(4-hydrazinocarbonylthiazol-2-y l)-3- 
methylbutane 

The compound of Example 102(c) (2.16 g, 5.73 mmol) was dissolved in 
ethanol (60 mL) and hydrazine hydrate (2.87 g, 57.3 mmol, 2.8 mL) was added and 
the solution was heated at 75 °C for 1 h. The solution was cooled and evaporated to 
30 dryness to provide the tide compound as a pale yellow foam (2.01 g, 97%). 1h 

NMR (400 MHz, CDCI3) 5 8.35 (bs, 1H), 8.03 (s, 1H), 7.37 (m, 5H), 5.29 (d, 1H), 
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5.14-5.09 (m, 3H), 4.07 (bs, 2H), 1.92-1.82 (m, 1H), 1.79-1.66 (m, 2H), 1.00 (d, 
6H). 

e) (lS)-N-[2-[(l-benzyloxycarbonylamino)-^^ 
5 yIcaibonyI]->T-(4-phcnoxyphcnylsiilfonyl)hydra2ide 

To a stirring solution of the compound of Example 102(d) (275 mg, 0.76 
mmol) in dichloromethanc at room temperature is added pyridine (180 mg, 2.28 
mmol, 0.2 mL) and 4-phenoxybenzenesulfonyl chloride (408 mg, 1.52 mmol). The 
reaction was stirred for 16 hours and the solvents were evaporated to a residue 
10 which was chromatographed (silica gel, 40% ethyl acetate in hexane) to give the 
tide compound as a white solid (0.310 g). MS (ESI): 595.6 (M+H+). 

gxqmpte 103 

Preparation of nSVN-r4-ri-m-benzvloxv<^rfaonvl-I^leucinvlaminoV3^ 

15 m^vIbutvllthiazol-2-vlcarto^^ 

a) N-benzyloxycarbonyl-L-leucinyl-L-leucinyl bromometbylketone 

1 -MethyI-3-nitro- 1 -nitrosoguanidine (5.9 g, 40. 1 1 mmol) in ether (200 mL) 
is cooled to 0°C. 40% potassium hydroxide is added slowly and the diazomethane is 
allowed to collect in the ether solution for 30 minutes at 0°C. 

20 N-benzyloxycarbonyl-L-Leucinyl-L-Leucine (Bachem) (4.0 g, 10.58 mmol) 

is stirred in tetrahydrofuran at -40°C. N-methylmorpholine (1 .07 g, 10.58 mmol, 
1.16 mL) and isobutyl chlorofonnate (1.45 g, 10.58 mmol, 1.38 mL) are added. 
The mixture is stirred at -40°C for 15 minutes and then filtered into a cold flask to 
remove precipitated salts. To the filtered solution is added an excess of the 

25 previously prepared diazomethane solution and the mixture is allowed to stand at 
0°C for 16 h. An excess of 30% HBr in acetic acid is added at 0°C and the solution 
is then washed successively with 1.0N citric acid, saturated aqueous sodium 
bicarbonate (carefully), and brine. The solution is dried over sodium sulfate, 
filtered, and evaporated to give the title compound as a white solid (4. 10 g). l H 

30 NMR (400 MHz, CDCI3) 5 7.34 (m, 5H), 6.51 (d, 1H), 5.15 (d, 1H), 5.10 (s, 2H), 
4.78 (m, 1H), 4.20 (m, 1H), 4.04 (dd, 2H), 1.63 (m, 6H), 0.93 (m, 12H). 
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10 



b) (2S, 1 'S)-2-(beiizyloxycarbonyl)ainino-N-[ 1 '^-carboethoxythiazol-^yO-S'- 
methylbutylJ-4-methylpentanamide 

The compound of Example 103(a) (2.0 g, 4.4 mmol) and ethyl thiooxamate 
(0.59 g, 4.4 mmol) wens refluxed in ethanol for 4 h. The solvent was evaporated and 
the residue chromatographed (silica gel, 2.5% methanol/dichloromethane) to give 
the tide compound as a white solid (1.46 g). »H NMR (400 MHz, CDCI3) 5 7.32 (s, 
1H), 7.21 (m, 5H), 6.40 (d, 1H), 5.13 (dd, 1H), 5.02 (s, 2H), 4.41 (q, 2H), 4.06 (m, 
1H), 1.71 (m, 2H), 1.47 (m, 4H), 1.33 (t, 3H), 0.73 (m, 12H). 



c) (2S,l'S)-2^nzyloxycaibonyl)ainino-N-[lH2-hydrazmocar^ 
yl)-3'-memyIbutyl]^memylpentanamide 

Following the procedure of Example 102(d), except substituting (2S,l'S)-2- 
(benzyloxycarbonyl)ammo-N41X^ 
15 methylpentanamide for (lSH-benzyloxy<*rbonylanimo-H4^ 

yl)-3-methylbutane, the title compound was prepared. MS (ESI): 476.3 (M+H+). 

d) ( lS)-N-[4-[ l-(N-benzyloxycarbonyl-L-leucinylamino)-3- 
memylbutyl]thiazol-2-ylcarbonyl]-K^-benzyloxyca^ 

20 To a stirring solution of the compound of Example 103(c) (180 mg, 0.38 

mmol) in dimethylformamide is added N-benzyloxycarbonyl-L-leucine (1 1 1 mg, 
0.42 mmol), H3-dimethylanimopropyl)-3^my^ hydrochloride (80 mg, 

0.42 mmol), and l-hydroxybenzotriazole (13 mg, 0.096 mmol). The reaction 
mixture is stirred for 16 hours at room temperature, filtered, and washed twice with 

25 water. The solvent was evaporated to give the title compound as a white solid. 
(0.207 g). MS (ESI): 723.9 (M+H+). 
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Example HQ4 

Preparation of (lSVN-f2-rf l-benzvIoxvcarfaonylaminnV^ etfavlbutvnthiazol-4- 
vlcarfaonvn-N , -(4-phenvlphenvlacetvnhvdTazide 
Following the procedure of Example 103(d), except substituting (1S)-1- 
5 benzyloxycarbonylammo-M4-hydrazmocarbon^ for 
(2S,l'S)-2Kbeiizyloxycarbonyl)ainmo-^ 
methylbutyl]-4-methylpentanamide, and 4-biphenylacetic acid for N- 
benzyloxycarbonyl-L-leucine, the title compound was prepared as a white solid. 
MS (ESI): 557.2 (M+H)+ 

10 

Example 105 

Preparation of (lS)-N-r24(l-benzvloxv«ufronvlainmo^ 
vlcarbonvn-hM3-(4-prvid^^ 
a) methyl 3-(4-pyridinyllmethoxy)benzoate 
15 To a stirring solution of methyl 3-hydroxybenzoate ( 1 .0 g, 6.58 mmol), 4- 

pyridylcarbinol (1.1 g, 9.87 mmol), and triphenylphosphine (2.6 g, 9.87 mmol) in 
THF (25 mL) at 0°C was added diisopropyl azodicarboxylate (2.0 g, 9.87 mmol) 
drop wise. After stirring at room temperature for 16h, the solution was concentrated 
and purified by column chromatography (silica gel, ethyl acetate/hexane) to yield 
20 the title compound as a white solid (0.599 g, 37%). MS(ESI): 244. 1 (M+H) + . 



b) 3-(4-pyridinyllmethoxy)benzoic acid 

To a stirring solution of the compound of Example 105(a) (0.599 g, 2.47 
mmol) in THF/H2O (1 : 1 , 10 mL) was added lithium hydroxide monohydrate (0. 1 13 

25 g, 2.7 1 mmol). After stirring at reflux for 3.5h, 1 . 1 eq of IN HC1 was added and the 
mixture poured into water. The mixture was extracted with ethyl acetate (2 X 100 
mL). The organic layers were combined, washed with brine, dried (MgSC>4). 
filtered and concentrated to yield the title compound as a yellow solid (0.386 g, 
68%). lH NMR (400 MHz. CD3OD) 6 8.54 (d, 2H), 7.64 (m, 2H), 7.57 (m, 2H), 

30 7.40 (m, 1H), 7.26 (m, 1H). 5.24 (s, 2H). 
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c) (lS)-N-[2-[(l-ben^loxycarbonylainino)-3-methylbutylJthiazol-4- 
ylcarbonyl]-N'-[3-(4-pryidinylmethoxy)bcnzoyl]hydrazide 

Following the procedure of Example 103(d), except substituting (1S)-1- 
beiizyloxycarbonylammc-1 -(4-hydrazm^ for 
5 (2S4'S)-2Kbeii2yloxycarbonyl)ainino-N-1 1 H2-hyd^azinocaIbonyltbja^ol-4-yl)-3•- 
methylbutyl]-4-methylpentanamide, and 3-(4-pyridmylnietrmy)benzoic acid for N- 
benzyloxycarbonyl-L -leucine, the title compound was prepared as a white solid. 
MS (ESI): 574.2 (M+H)+ 

10 Example 106 

Preparation of N-r2-(2-chlomnhenoxvm g thvnthia7.nl-^-vl^ T bonvH-N-fN-r^- 
PVricliDVlmethoxvcarbonvlVL-leucinvnhvdrarirfi. 

a) a-isocyanato-L-leucine methyl ester 

L-leucine methyl ester hydrochloride (25 g, 0. 14 mol) was dissolved in 
15 methylene chloride (450 mL), cooled to 0 °C, and pyridine (43.5 g, 0.55 mol, 44.5 
mL) was added, then a 1.93 M solution of phosgene in toluene (0.18 mol, 92.7 mL) 
was added slowly. After stirring at 0 °C for 2 h, the mixture was poured into 0.5 N 
HC1 (1400 mL) and ice (900 mL). The organic layer was washed with 0.5 N HC1 
(1400 mL) and ice (900 mL). The aqueous layers were extracted with methylene 
20 chloride (450 mL) and the combined organic layers were washed with saturated 
brine (1400 mL) and ice (900 mL), then dried (MgS0 4 ). filtered and concentrated. 
The residue was distilled (56-58 °C; 0.78 mmHg) to provide the tide compound as a 
colorless liquid (20.4 g, 86%). lH NMR (250 MHz, CDC1 3 ) 5 4.04 (dd, 1H), 3.82 
(s, 3H), 1.92-1.72 (m, 1H), 1.69-1.62 (m, 2H), 0.96 (d, 3H), 0.94 (d, 3H). 

25 

b) N-(4-pyridinylmethoxycarbonyl)-L-leucine methyl ester 

A solution of the compound of Example 106(a) (5. 10 g, 29.8 mmol) and 4- 
pyridylcarbinol (325 g, 29.8 mmol) in toluene (30 mL) was heated at reflux for 24 
h. The solution was concentrated and the residue was purified by flash 
30 chromatography on 250 g of 230-400 mesh silica gel, eluting with 3: 1 ethyl 

acetate/hexanes, to give the title compound (7.86 g, 94%). *H NMR (250 MHz, 
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CDCI3) 6 8.59 (d, 2H), 7.24 (d f 2H), 5.33 (d, 1H), 5.13 (s, 3H), 4.40 (dt, 1H), 3.75 
(s, 3H), 1.81-1.51 (m, 3H), 0.96 (d, 3H), 0.95 (d, 3H). 

c) N-(4-pyridinylmethoxycaibonyl)-L-leucine 
5 To a stining solution the compound of Example 106(b) ( 1 .98g, 7.06 mmol) 

in THF (7 mL) was added 7 mL of water foUowed by IiOH«H 2 0 (325 mg, 7.76 
mmol). The mixture was stirred for 30 minutes and then concentrated. The residue 
was redissolved in water (10 mL) and 3 NHG was added (2.6 mL). The solution 
was lyophilized to yield a white solid (2.015 g, 6.44 mmol). MS (ESI): 267.2 
10 (M+H)+. 



d) N-[2^2<Morophenoxyniethyl)thiazol^ 

Following the procedure of Example 102(d), except substituting ethyl 2-(2- 
chlorophenoxymethyl)thiazole-4-carboxylate for (IS)-l-benzyloxycaibonylamino- 
15 1 -(4-carboethoxythiazol-2-y I)-3-methy Ibutane, the title compound was prepared. 
MS (ESI): 284.1 (M+H)+. 



e) N-[2-(2^hlorophenoxymethyl)thiazol-4-ylcarbonyl]-N , -[N- 
pyhdinylmethoxycaiix>nyl)-I^leucinyl]hydnizide 

20 Following the procedure of Example 103(d), except substituting N-[2-(2- 

chlorophenoxymethyl)thiazol-4-ylcarbonyl]hydrazide for (2S,l'S)-2- 
(benzyloxycarbonyl)amino-N-[ 1 -(2-hydrazinocarbonylthiazol-4-y l)-3- 
methylbutyl]-4-methyIpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-]eucine 
for N-benzy loxycarbony l-L-leucine t the title compound was prepared as a white 

25 solid. MS (ESI): 532.1 (M+H)+. 
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Example 107 

PmwatiPfl of N-fN^4-TmidinvlmPthnTv < aThnnvlVI^I M , cinvl1-I>J'.f7.f^l ? i 

a) N-[2-[4^U,3-thiadiazol^yI)]thiazol^ylcarix)nyl]hydiazide 
FoUowing the procedure of Example 102(d), except substituting ethyl 2-[4- 

(1.2^-thiadiazol-4-yl)]thiazole^-carboxylatc for (lS^l-benzyloxycaibonylamino- 
H4Kaiboethoxythiazol-2-yl^3-inethylbutaTO the title compound was prepared as a 
white solid. MS (ESI): 304.1 (M+H)+. 

b) N-rN^4-pyridmytoetooxyca^ 
4-yl)phenyl]tliiazoI^ylcartx)nyl]hydrazide 

FoUowing the procedure of Example 103(d). except substituting N-[2-[4- 
(l^-thiadiazol^yl)]tiu^l^ylcarbonylJhydrazide for (2S,l'S)-2- 
(benzyloxycarbonyl)anuno-N-[^ 

methylbutyl]-4-methylpentanamide, and NK4-pyTidinylmethoxycarbonyl)-L-leucine 
for N-benzyloxycarbonyl-L-Ieucine, the tide compound was prepared as a white 
solid. MS (ESI): 552.1 (M+H) + . 

Example 108 

Erspaatipn of N-rc-rs-^hiomphMiyfoiifo^^^ 

a) N^2-[3^4^1dorophenylsulfonylniemyl)thien-2-yl]thia^ 
carbonyljhydrazide 

FoUowing the procedure of Example 102(d), except substituting 2-[3-(4- 
chlorophenylsulfonylme^ for (1S)-1- 

beiizyloxycarbonylaimno-H^^ me tit i e 

compound was prepared as a white solid. MS (ESI): 414.1 (M+H)+. 
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b) N-[2-[3-(4-chlorophenylsdfonylmethyI)^ 
[N-(4-pyridinylmethoxycarbonyl)-L-le^ 

Following the procedure of Example 103(d), except substituting N-[2-[3-(4- 
chlorophenylsulfonylmethyl)thien-2-yI]thi^ for (2S,l'S)-2- 

5 (benzyloxycaibonyl)amino-N-[ 1 '^2-by drazinocarbonylthiazol-4-y I)-3 - 

methyIbutylJ-4-methylpentanamide, and N-(4-pyridinylmethoxycarbonyl)-L-leucine 
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white . 
MS (ESI): 664.0 (M+H)+ 

10 Example 109 

Preparation of f IS^TtSlN-rc-K l-benzvloxvcaibonvlaminoV3>methvlbu tvnthiazoU 
4-vlcartonvn-hr42V4^^ 

a) 4-methyl-2-(4-phenylphenyl)pent-4-enoic acid 

To a stirring solution of diisopropylamine (0.537 g, S.31 mmol) in THF (5.2 
15 mL) at 0 °C was added n-butyllithium (2.1 mL, 5.22 mmol, 2.5M in hexane) 

dropwise. After stirring for 15 min at 0 °C, the mixture was cooled to -78 °C and a 
solution of 4-biphenylacetic acid (0.500 g, 2.36 mmol) in THF (2 mL) was added 
dropwise. After again warming to 0 °C and coolling to -78 °C, 3-bn>mo-2- 
methylpropene (0.485 g, 3.54 mmol) was added to the mixture in one portion. After 
20 stirring at -78 °C for lh, the reaction was quenched with 2 mL of water then 

concentrated. The residue was redissolved in water and extracted with ether (100 
mL). Hie aqueous layer was acidified (3N HC1) and extracted with ether (3 X 100 
mL). The organic layers were combined, dried (MgS04), filtered and concentrated 
to yield a white solid (0.449 g, 72%). MS(ESlj: 265.3 (M+H)-. 

25 

b) 4-methyl-2-(4-phenylphenyl)pentanoic acid 

To a stirring solution of the compound of Example 109(a) (0.449 g, 1.69 
mmol) in ethyl acetate (25 mL) was added palladium on carbon (0.225 g). After 
stirring under a balloon of hydrogen for 16h> the mixture was filtered through 
30 Celite. The filtrate was concentrated to yield an off white solid (0.430 g, 95%). 
MS(ESI); 267.4 (M+H)-. 
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c) (lS^T^)-N-[2-[(l-bcnzyloxycartK)nylamino)-3-inethylbutyl]thiazol-^ 
ylcarbonyl]-^-[2H4-phenyIphenylacety^ 

Following the procedure of Example 101(d), except substituting (1SV1- 
5 beiizyloxycanbonylaiiuno-l-(4-hyo^ f or 
(2S,l'S)-2-(benzyloxycaibonyl)aiiu^ 

methylbutylj^-methylpentanamide, and 4-methyI-2-(4-phenylphenyl)pentanoic acid 
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 
solid. MS (ESI): 613.2 (M+H)+. 

10 

Example HQ 

Preparation of N-r2-(3-bcnz^loxvDbenvitthi a ™i ^ 

PYridmylmethoxvcaroonvl VI ^leucinvnhvdn.^ 

a) methyl 3-benzyloxy benzoate 

15 To a suspension of NaH (0.395 g, 9.87 mmol, 60% in mineral oil) in DMF 

(20 mL) was added methyl 3-hydroxybenzoate (1 .0 g, 6.58 mmol). After stirring 
for 15 min at room temperature, benzyl bromide (1.1 g, 6.58 mmol) was added. 
After stiiring at room temperature for 3h, the solution was partitioned between ethyl 
acetate and water. The organic layer was washed with water (2 X 75 mL), saturated 

20 aqueous sodium bicarbonate, and brine, then dried (MgSCty, filtered and 

concentrated to yield an off-white solid (1.013 g, 4.2 mmol). 1h NMR (400 MHz, 
CDCI3) 87.67 (m, 2H), 7.48-7.34 (m. 6H), 7.19 (m, 1H), 5.12 (s, 2H), 3.95 (s, 3H). 

b) 3-benzyIoxybenzamide 

25 To a suspension of ammonium hydrochloride ( 1 .070g, 0.02 mmol) in 20 mL 

of toluene at 5°C, was slowloy added a 2M solution (10 mL) of trimethylaluminium 
in toluene. After the addition was complete, the reaction mixture was allowed to 
warm at room temperature and was stirred for 2 hours until gas evolution has 
ceased. 

30 To a stirring solution of the compound of Example 1 10(a) (605 mg, 2.49 

mmol) in toluene was added a 0.67 M solution of MeAlClNH 2 (1 1 mL, 7.49 mmol) 
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in toluene. The reaction mixture was allowed to stir overnight at reflux. The 
reaction was quenched with 5% HQ, the organic layer was separated and the 
aqueous layer extracted three times with ethyl acetate. The organic extracts were 
combined, dried over MgSC>4, filtered and concentrated to afford the title compound 
5 as a white solid (409 mg, 72%). MS (ESI): 228. 1 (M+H)+ 



c) N-[2^3-benzyloxyphenyl)thiazol-4-ylcarhonyl]hydrazide 

Following the procedure of Example 102(b)- 102(d), except substituting 3- 
benzyloxybenzamide for N-benzyloxycaibonyl-L-leucinamide in step (b), the title 
10 compound was prepared as a white solid. MS (ESI): 326.2 (M+H)+ 

d) NK2-pyridinylmethoxycarbonyl)*L-leucine 

Followong the procedure of Example 106(a)- 106(c), except substituting 2- 
pyridy lcarbinol for 4-pyridylcarbinol in step (b), the title compound was prepared. 
15 *H NMR (400 MHz, CD3OD) 8 8.50 (d, 1H), 7.86 (dt, 1H), 7.51 (d, 1H), 736 (dd, 
1H), 5.20 (d, 1H), 5.16 (d, 1H), 4.19 (t, 1H), 1.78-1.72 (m, 1H), 1.62 (t, 2H), 0.97 
(d, 3H), 0.94 (d,3H). 



e) N-[2-(3-benzyloxyphenyl)thiazol-4-ylc^rt)onyl]-N , -[N-(2- 
20 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 103(d), except substituting N-[2-(3- 

benzyloxyphenyl)thiazol-4-ylcart)onyl]hydrazide for (2S,l'S)-2- 

(benzyloxycarbonyl)andno-N-[lX2-hydrazinocarbonyltlu 

methylbutylH-methylpentanamide, and N^2-pyridinylmethoxycarbonyl)-L-leucine 
25 for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 

solid (106 mg, 0.184 mmol). MS (ESI): 574.2 (M+H)+. 
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Example 1 1 1 

Preparation of ( iRSVN-rc-ri-a-phenviphCTvi ^^^ 
YlgaifepnvlV^ -rN^Dvrid^^ 
a) N-[2-[ 1 K4-phenylphenyl>3-methylbutylJthiazol^ylcarbonylJhydrazide 
5 Following the procedure of Example 102(a)- 102(d), except substituting 4- 

methyl-2-(4-phenylphenyl)pentanoic acid for N-benzyloxycarbonyl-L-leucine in 
step (a), the title compound was prepared as a white solid. MS (ESI): 366.3 
(M+H)+. 

10 b) (lRS>N-[2-[K4-ptenylphenyl>3-memyIbutyl]thia2»l-4-ylcaro^ 

(4-pyridmylmethoxycaibonyl)-l^]eucmyl]hydrazide 

Following the procedure of Example 103(d), except substituting fi.[2-[i^4- 

pbenylphenyl>3-inethylbutyl]tm^ for (2S,I'S)-2- 

(beiizyloxycarb<rayl)aiximo-N-[l^ 
15 methylbutyl]-4-methylpentanamide, and NK4-pyridmylmethoxycaroonyl)-L-leucine 

for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 

solid. MS (ESI): 614.3 (M+H)+. 

Example 1 12 

20 Preparation of N-r2-(2-henzvloxvphenv nthiazol^t-v1carbonvn-N , -nsi-r4- 

PVriclmvlmemoxvcaroonvlVL-leucinvnhvdraridft 
a) ethyl 2-ammothiazole-4-carboxylate hydrobromide 

To a stirring suspension of thiourea (6.0 g, 78.8 mmol) in ethanol (80 mL) 
was added ethyl bromopyruvate (15.4 g, 78.8 mmol). The resulting solution was 
25 heated at 45 °C for 23 h. The solution was cooled at 0 °C for 24 h, and the crystals 
were collected by filtration and washed with cold ethanol to provide the title 
compound (15.8 g, 79%). NMR (400 MHz, CD3OD) 5 7.70 (s, 1H), 4.41 (q, 
2H), 1.38 (t.3H). 
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b) ethyl 2-bromothiazole-4-carboxylate 

To a stirring suspension of the compound of Example 1 12(a) (12. 15 g t 48 
mmol) in 16% aqueous HBr (ISO mL), cooled to 0 °C, was added drropwis a 
solution of sodium nitrite (3.44 g, 49.8 mmol) in water (6 mL). After stirring for 35 
5 min, copper (I) bromide (7.83 g, 54.6 mmol) and 16% aqueous HBr (60 mL) were 
added and the mixture was heated at 70 °C for 1 h. The mixture was filtered and the 
filtrate was saturated with NaCl then extracted with ethyl acetate (2 X 170 mL). 
The combined extracts were dried (MgS(>4), filtered and evaporated to dryness. 
The residue was combined with combined with the solid collected in the first 

10 filtration, heated at reflux in ethanol (500 mL) for 5 min, then filtered. To the 

filtrate was added 1.5 mL of 48% aqueous HBr and the solution was heated at reflux 
for 16 h, then concentrated. The residue was partitioned between saturated aqueous 
NaHCC>3 and ethyl acetate. The organic layer was washed with saturated brine, 
dried (MgS04), decolorized with charcoal, filtered and concentrated to provide the 

15 title compound as a pale yellow solid (7.46 g, 75%). MS (ESI): 236.0 (M+H)+. 

c) 2-benzyloxybromobenzene 

To a stirring solution of 2-hromophenol (10.0 g, 57.8 mmol), and benzyl 
bromide (9.9 g, 57.8 mmol) in acetone (150 mL) was added K2CO3 (12.0 g, 86.7 

20 mmol). After stirring at reflux for 4h, the mixture was partitioned between ethyl 
acetate and water. The organic layer was washed with brine, dried (MgSO^, 
filtered and concentrated. The residue was purified by column chromatography 
(silica gel, ethyl acetate/hexane) to yield the tide compound as a colorless oil (15.2 
g, 57.8 mmol). 1 HNMR (400 MHz, CDCI3) 8 7.62 (m, 1H), 7.54 (m, 2H), 7.45 (m, 

25 2H), 7.37 (m, 1H), 7.28 (m, 1H), 6.98 (m, 1H), 6.91 (m, 1H), 5.17 (s, 2H). 

d) 2-benzyloxyphenyIboronic acid 

To a stirring solution of the compound of Example 1 12(c) (15.2 g, 57.8 
mmol) in THF (100 mL) at -78°C was added dropwise n-BuLi (23.1 mL, 2.5M in 
30 hexane, 57.8 mmol). The mixture stirred at -78°C for 25 min when added via 

cannulation to a stirring solution of triisopropylborate (54.4 g, 289 mmol) in THF 
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(100 mL) at -78°C. After wanning to room temperature and stirring for 3h, the 
mixture was poured into 3N HC1 ( 100 mL) and extracted with ethyl acetate (3 X 
200mL). The organic layers were combined, washed successively with water and 
brine, dried (MgS04), filtered and concentrated. The residue was purified by 
5 column chromatography (silica gel ethyl acetate/hexane) to yield the tide 

compound as a pale yellow solid (6.9 g, 30.3 mmol). 1 HNMR (400 MHz, CDCI3) 8 
7.90 (d, 1H). 7.42 (m, 6H), 7.07 (t, 1H). 7.02 (d, 1H), 6.05 (s. 2H), 5.16 (s, 2H). 

e) ethyl 2K2-benzyloxyplienyl)thiazole-4-carboxylate 

10 To a stirring solution of the compound of Example 1 12(b) (4.0 g, 16.9 

mmol), the compound of Example 72(d) (4.29 g, 18.8 mmol), 
tetrakis(triphenyl P hosphine)paUadium(0) (0.65 g, 0.57 mmol) in dimethoxyethane 
(60 mL) was added cesium fluoride (8.58 g, 56.5 mmol) and the mixture was heated 
at 85 °C for 16 h. Tetrakis(oiphenylphosphine)paUadium(0) (0.65 g, 057 mmol) 

15 was added and heating at 85 °C was continued for 5 h. The mixture was diluted 
with water (60 mL) and extracted with ethyl acetate (2 X 120 mL). The combined 
extracts were washed with saturated aqueous NaHCC>3 and saturated brine, dried 
(MgSC>4), filtered and concentrated. The residue was purified by flash 
chromatography on 180 g of 230-400 mesh silica gel, eluting with 15% ethyl acetate 

20 in hexanes, to provide the title compound as a white solid (3.22 g, 56%). MS (ESI): 
340.3 (M+H)+. 

f) 2r(2^nzyloxyphenyl)tluazol^ylcarbonymydra2ade 

Following the procedure of Example 102(d), except substituting ethyl 2-(2- 
25 oenzyloxyphenyl)tliiazole-4-<»rboxylate for (lS)-l-benzyloxycarbonylamino-l-(4- 
carboethoxythiazoI-2-yl)-3-methylbutanc, the title compound was prepared as a 
white solid. MS (ESI): 326.2 (M+H)+. 
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g) N-[2-(2-benzyloxyphcnyl)tWazol^ylcarbonylJ-^ 
pyridinylmethoxycarbonyl>-L-leucinyl]hydrazide 

Following the procedure of Example 103(d), except substituting 2-(2- 
benzyloxyphenyl)thiazole-^ylcaibonylbydiazide for (2S,l'S)-2- 
5 (benzyloxycarbonyl)amino-N-[ 1 , -(2-hydrazinocarbonylthiazol-4-y])-3- 

methyIbutyl]-4-metbyIpentanamide, and N^4-pyridinylmethoxycarbonyl)-L-leucine 
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 
solid MS (EST): 574.3 (M+H)+ 

10 Example 113 

Preparation of N42-rN-methvl-N^^ 

rN^4-pyridmvlmeftoxvca^ 

a) N-(4-phenylpbenyl)-2-methylpropionamide 

To a stirring solution of 4-aminobiphenyI (9.53 g, 56.3 mmol) and 
15 triethylamine (5.70 g, 56.3 mmol, 7.85 mL) in methylene chloride (60 mL), cooled 
to 0 °C, was added slowly isobutyryl chloride (6.0 g, 56.3 mmol, 5.90 mL). After 
stirring at 0 °C for 1 h, the mixture was diluted with methylene chloride (120 mL) 
and washed with IN NaOH and saturated brine, then dreid (MgSC>4), filtered and 
concentrated. The residue was washed with ether and dried to provide the tide 
20 compound as a pale yellow crystalline solid (9.83 g, 73%). 1 HNMR (400 MHz, 
CDCI3/CD3OD) 8 7.58 (d, 2H), 7.50 (m, 4H), 7.40-7.25 (m, 3H), 2.55-2.49 (m, 
1H), 1.18 (d, 6H). 

b) N-(4-phenylphenyl)-N-(2-methyl-l-propyl)amine 

25 To a stirring solution of lithium aluminum hydride (58.6 mmol) in THF 

(58.6 mmol), cooled to 0 °C, was added slowly over 10 min a solution of the 
compound of Example 73(a) (9.35 g, 39.0 mmol) in THF (170 mL). After the 
addition was complete, the ice bath was removed and the solution was heated at 55 
°C for 30 min. The mixture was cooled to 0 °C and water (2.22 mL) was slowly 

30 added, followed by 15% aqueous NaOH (2.22 mL) and water (6.67 mL). The 
precipitate was removed by filtration and washed with ether 4 times. The filtrate 
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was evaporated to dryness to proveide the title compound as a pale yellow solid 
(8.34 g, 97%). MS (ESI): 226.2 (M+H)+. 

c) N-(4-phenylphenyl)-N-(2-methyl- 1 -propyl)thiourea 

5 To a stirring solution of thiophosgene (98.9 mg, 2.6 mmol, 198 uL) in 

methylene chloride (6.5 mL), cooled to 0 °C, was added dropwise a solution of the 
compound of Example 73(b) (540.7 mg. 2.0 mmol) in methylene chloride (1 mL). 
After stirring for 2 h. ammonia-satruated methanol (20 mL) was added and the 
solution was stirred at room temperatur for 2 h. The solution was concentrated and 
10 the residue was partitioned between ethyl acetate and IN HCI. The organic layer 
was washed with IN HC1 twice, then with saturated brine, then dried (MgS0 4 ), 
filtered and concentrated. The residue was purified by flash chromatography on 10 
g of 230400 mesh silica gel, eluting with 1 :3 ethyl acetate/hexanes, to provide the 
tide compound as a pale yellow solid (470 mg, 83%). MS (ESI): 285.3 (M+H)+. 

15 

d) ethyl 2-INK4^henylphenyl>N^2-n^yl-l-propyl)amino]thiazole-4- 
carboxylate 

A solution of the compound of Example 1 13(c) (184.6 mg, 0.65 mmol) and 
ethyl bromopyruvate (126.6 mg, 0.65 mmol, 81.5 uL) in ethanol (2.5 mL) was 

20 heated at reflux fo 5 min, then concentrated. The residue was partitioned between 
ethyl acetate and saturated aqueous NaHC03. The aqueous layer was extracted with 
ethyl acetate and the combined organic layers were washed with saturated brine, 
dried (MgSCX*), filtered and concentrated. The residue was passed through a plug 
of 230-400 mesh silica gel, eluting with 12% ethyl acetate in hexanes, to provide the 

25 tide compound as a pale yellow oil (230 mg, 93%). MS (ESI): 381.4 (M+H)+ 

e) N-[2-[N^4-phenylphenyI)-NK2-inemyl-l-propyl)antino]tliia2ol-4- 
ylcarbonyljhydrazide 

Following the procedure of Example 102(d), except substituting ethyl 2-[N- 
30 (4-pnenylphenyl)-N-(2-nietoyl-l-propyl)ar^ f or (1S)-1- 
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benzy loxycarbonylamino- 1 -(4-cart>oethoxythiazol-2-y l)-3-methylbutane, the title 
compound was prepared as a white solid. MS (ESI): 367.3 (M+H) + . 

f) N-[2-[N-methyI-N^4-phenylphen^ 
5 pyridtoylmethoxycarbonyl)-L-Ieucinyl]hydrazide 

Following the procedure of Example 103(d), except substituting N-[2-[N-(4- 
phenylphenyl)-N-(2-methyl- l-propyl)amino]thiazol^y lcarbonylihydrazide for 
(2S, 1 'S)-2-(benzyloxycartx>nyl)amino-N-[ 1 , -(2-hyd^azinoca^bonylthiazol-4-yl)-3 , - 
methyIbutyll-4-methylpentanamide, and N^4-pyridinylmethoxy<^rbonyl)-I^leucine 
10 for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a white 
solid. MS (ESI): 615.3 (M+H) + . 

Example 3114 

Preparation of N-(N^n^lOTywrt?QiiYl-Lr?gMCTyl y^fr(4-ptenyfoci^I)toazol- 

15 4-vlcarbonvnhvdrazide 

a) N-[2^4-phenylbenzyI)thiazol-4-ylcarbonyl]hydrazide 

Following the procedure of Example 102(a)- 102(d), except substituting 4- 
biphenylacetic acid for N-benzyloxycarbonyI-L~leucine in step (a), the title 
compound was prepared as a white solid. MS (ESI): 310.3 (M+H) + . 

20 

b) N^-benzyloxycarbonyl-I^leucmyl)-^ 
ylcarbonyljbydrazide 

Following the procedure of Example 103(d), except substituting N-[2-(4- 
phenylben2yl)thiazol-4-ylcarbonyl]hydrazide for (2S,l'S)-2- 
25 (benzyloxycarbonyl)amino-N-[ r-(2-hydrazinocarbonylthiazol-4-yl)-3- 

methylbutyl]-4-methylpentanamide, the title compound was prepared as a white 
solid (20 mg, 0.035 mmol). MS (ESI): 557.4 (M+H)+ 
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Example 115 

Preparation Of N-r?-r4-nhenvlphenv1h g n^llthiazn1.4-v |caAonvn.>J'.fTJ^4- 
PYridinv]methoxvcaibonvlVL.leurii ? Yi]^n'7i^ 
Following the procedure of Example 103(d), except substituting N-[2-(4- 
phenyIbenzyl)thiazol-4-yIcarbonyl]hydrazide for (2S,l'S)-2- 
(beiizyioxycarbonyl)animo-N-[l^ 

methyIbutyl]-4-methylpentanamide, and N^4-pyridinylmethoxycarbonyI)-L-leuc 
for N-benzyloxycarbonyl-L-leucine, the title compound was prepared as a yellow 
solid (30 mg, 0.053 mmol). MS (ESI): 558.2 (M+H)+. 



Example 1 16 

Preparation of N^-henTyloxvcmtonvM^^^ 

Dhenvlaminolthiazol^.vlMi ponvnhvdrazt^ 

a) N-[2-[N-phenyI-N^2-methyl-l-propyl)amino]thiazol-4- 
ylcarbonyl]hydrazide 

FoUowing the procedure of Example 1 13(a)-113(e), except substituting 
aniline for 4-aminobiphenyl in step (a), the title compound was prepared as an 
orang-pink solid (276 mg, 0.950 mmol). MS (ESI): 291.3(M+H)+. 

b) N^^iizyloxycarbonyl-IMeuc^^ 
phenylammo]tlnazol^yicarbonyl]hydrazide 

Following the procedure of Example 103(d), except substituting ) N-[2-(N- 
phenyl-NK2-memyl-l^>ix»pyl)anuno]tluazol^ylca^ for (2S,l'S)-2- 

(benzyloxycarbonyl)ammo-N-[lH2-hydi^ocarbonyltW 
memylbutylH-methylpentanamide, the tide compound was prepared as a white 
solid (92 mg, 0.171 mmol). MS (ESI): 560.3 (M+Na)+. 
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Egamplfi 117 

Preparation of N-fl-fN-fl-methvlDropvlVN-phenvlainiQolthiazol-^vlcarfaonvn-N'- 
fN^4-pvridinvlinedioxvcaifaonvlVI^leucinvnhvdfazide 
Following the procedure of Example 1 13(a)-l 13(f), except substituting 
aniline for 4-aminobiphenyl in step (a), the title compound was prepared as a yellow 
solid (50 mg, 0.092 mmol). MS (ESI): 539.4 (M+H)+. 

Example H8 

Preparation of N42^2-benzvloxvDhenvntmazol-4-vlcariionvn-N'.rN-f^- 
pvridmvlmetnoxvcarbonvlVI^leucinvllhvdrazide 
Following the procedure of Example 1 12(a)- 1 12(g), except substituting N- 
(3-pyridmylmethoxycaibonyl)-L-leucine for N-(4-pyridinylmethoxycarbony I)-L- 
leucine in step (g), the title compound was prepared as a white solid (93.8 mg, 
53%). MS (ESI): 574.3 (M+H)+. 

Example 119 

Preparation of N-r2-f2-ben2vloxvphenvnthia7ol-4-vlcarbo nvn-N'-rN-f 2- 
pvrimnvlmemoxvcaifaonvlVL-leucinvnhvdraride 
Following the procedure of Example 1 12(a)- 1 12(g), except substituting N- 
(2-pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridmylmethoxycarbonyl)-L- 
leucine in step (g), the title compound was prepared as a white solid (149.7 mg, 
85%). MS (ESI): 574.4 (M+H)+. 

Example 120 

Prenaraticm of N-W-benzvloxvcarbon^ 

benzvloxvphenvl^azol-4-vlcarfx>nvl1hvdra7.ide 
Following the procedure of Example 1 12(a)-l 12(g), except substituting N- 
benzyloxycarbonyl-N-methyl-L-leucine for N-(4-pyridinylmethoxycarbonyI)-L- 
leucine in step (g), the title compound was prepared as a white solid (153.5 mg, 
85%). MS (ESI): 609.3 (M+H)+. 
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Example 121 

Prep^9n9fN-r2-rN^?.-m^^ 

fN-fZ-mmdinvlmfirhnxvcaffaonvlVT-fei icinvnhvriraTiA. 
Following the procedure of Example 1 13(a)-! 13(f), except substituting 
5 aniline for 4-aminobiphenyl in step (a) and N-(2-pyridmylmetbx)xycarbonyl)-L- 
leucine for N<4-pyrialnylmemoxyatt1)onyl)-L-leucine in step (f), the title 
compound was prepared as a white solid (40 mg). MS (ESI): 539.4 (M+H) + . 

Example 122 

10 Preparation Of N-r2-fN-(2-mef hvlPrOPVlVN-Dhenvlaminnlfhia z ol-4-vlcaThnnvll-Kr'. 
fN^PVridinvlmethoTrvcartionvlVT^IP.i cinvllhvdrazidft 
FoUowing the procedure of Example 1 13(a)-l 13(f), except substituting 
aniline for ^aniinobiphenyl in step (a) and NK3-pyridmylmethoxycaroonyl)-L- 
leucine for N-(4-pyridinylmethoxycarbonyl)-Hcucinc in step (f), the title 
15 compound was prepared as a white solid (42 mg). MS (ESI): 539.4 (M+H)+. 

Example 123 

Preparation Of N-r2-(2-methoxvpheiivnthi a 7 o l-4-v| C ariv>nvn-N'-rN-r4- 
imi^nYlmethoxv(?arbonvlVI^leucinvllhvdrarirf < » 
20 a) 2-trimethylstannylanisole 

To a storing solution of n-BuLi (2.6 mL, 2.5M in hexane, 6.42 mmol) in 
diethyl ether (2.5 mL) at -78C was added 2-bromoanisole (1.0 g, 5.35 mmol) in 
diethyl ether (2 mL) dropwise. After stirring for lh at -78C, trimethyltin chloride 
(6.4 mL, 1.0M in THF, 6.42 mmol) was added dropwise. The mixture was allowed 
25 to stir an additional 2h while slowly warming to room temperature. The mixture 
was then washed with saturated aqueous NaHCX>3. The aqueous layer was 
extracted with diethyl ether (1 X 50mL) and the organic layers were combined, 
dried (MgS0 4 ), filtered and concentrated. The residue was purified by column 
chromatography (silica gel, hexane) to yield the title compound as a colorless oil 
30 (1.11 g, 76%). iHNMR (400MHz, CDC1 3 ) 6 7.47 (d, 1H), 7.40 (t, 1H), 7.05 (t, 
1H), 6.90 (d, 1H), 3.36 (s, 3H), 0.34 (s, 9H). 
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b) ethyl 2-(2-methoxyphenyl)thiazole-4-carboxylate 

A mixture of the compound of Example 1 12(b) (0.250 g, 1 .06 mmol), the 
compound of Example 83(a) (0.287 g, 1.06 mmol), and 
5 tetialds(triphenylpho$phine)palladium(0) (0.037 g, 0.03 1 8 mmol) in toluene (2 mL) 
was stirred at reflux for 16h. The mixture was diluted with ethyl acetate and washed 
with water and brine. The organic layer was dried (MgS(>4), filtered and 
concentrated The residue was purified by column chromatography (silica gel, ethyl 
acetate/hexane) to yield the title compound as a white solid (0.081 g, 29%). 
10 iHNMR (400MHz, CDC1 3 ) 6 8.54 (d, 1H), 8.22 (s, 1H), 7.45 (t, 1H), 7. 1 1 (t, 1H), 
7.05 (d, 1H), 4.48 (q, 2H), 4.04 (s, 3H), 1.46 (t, 3H). 

c) N-[2-(2-methoxyphenyl)thiazol^ylcarbonyl]-N , -[N-(4- 
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

15 Following the procedure of Example 1 12(f)- 1 12(g), except substituting ethyl 

2-(2-methoxyphenyl)thiazole-4-caiboxylate for ethyl 2-(2- 

benzyloxyphenyl)thiazole-4-carboxylate in step (f)> the title compound was prepared 
as a white solid. MS (ESI): 498.3 (M+H)+ 

20 The above description fully discloses how to make and use the compounds 

of the present invention. However, the present invention is not limited to the 
particular embodiments described hereinabove, but includes all modifications 
thereof within the scope of the following claims. The various references to journals, 
patents and other publications which are cited herein comprise the state of the art 

25 and are incorporated herein by reference as though fully set forth. 
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Example 124 
Preparation Of ra.nSVN41^4-caitjoethoxvtM^ 
2^2-PheiwlbenCTloTvauhrmvl^iTunopentananiidp. 

5 a) (2S, l'S)-2-(tert-butoxycarbonyI)ammo-N-[lM4^^ 
methylbutyl]-4-methylpentanamide 

The compound of Example 8(cX1.2 g, 3.5 mmol) was stirred at room 
temperature in neat TEA (2.96 g, 26.0 mmol) for 15 min. The solution was the 
concentrated in vacuo and redissolved in DMF (25 mL). To the stirring solution 
10 was added triethylamine (0.779 g, 7.7 mmol), BOC-Leu-OH (0.972 g, 3.9 mmol), 
1-hydroxybenzotriazole (0.095 g, 0.7 mmol), and H3-dimemylaminopropyl)-3- 
emylcarbodiimide hydrochloride (0.750 g, 3.9 mmol). After stirring at room 
temperature for 16 hours, the solution was diluted with ethyl actate and washed 
successively with water (2 X 100 mL), NaHC0 3 , and brine. The organic layer was 
15 dried (MgS04), filtered and concentrated. The residue was purified by column 
chromatography (silica gel, ethyl acetate/bexane) to yield the title compound as a 
white solid (1.15 g, 72%). MS(ESI): 456.2 (M+H)+ 

b) (2S,l*S)-N-[lH4HMrboemoxytWazoL^ 
phenylbenzyIoxycarbonyl)aminopentanamide 

To a stirring solution of phosgene (1.5 mL, 2.9 mmol, 1.93M in toluene) at 
0°C was added 2-biphenylmethanol (0.486 g, 2.64 mmol) and 
ausoproi>ylemylamine (0.375 g, 2.9 mmol). The solution was allowed to stir at 0°C 
for30min. In a separate reaction vessel, after stirring at room temperature for 10 
min, the compound of Example 124(a) (0. 150 g, 0.330 mmol) dissolved in TFA (2.0 
mL) was concentrated and redissolved in DMF (3 mL). This solution was added to 
the 2-biphenylmethanol solution followed by diisojMopyletbylamine (0.213 g, 1.65 
mmol). After stirring at room temperature for lh, the solution was diluted with 
ethyl acetate and washed successively with water and brine. The organic layer was 
dried (MgSC>4), filtered and concentrated. The residue was purified by column 
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chromatography (silica gel, ethyl acetate/hexane) to yield the title compound as a 
white solid (0.138 g, 74%). MS(ESI): 566.3 (M+H)+. 

Example 125 

5 Preparation of f2S. l'SV2-rf2-ben2vnbenzvloxvcaifaonvniaini no-N-rr^4- 
carfaocthoxvtniazol-2-vlV3 , -methvlhutvll-^methvInentanamide 



Following die procedure of Example 124(b), except substituting 2- 
benzylbenzyl alcohol for 2-biphenylmethanol, the title compound was prepared as a 
10 white solid (0. 123 g, 64%). MS(ESI): 580.0 (M+H)+ 



Example 126 
Preparation of (2S. rSlN-rr^4-caiboemoxvtM^ 
memvl^-^-naphmvlinethnrtfcafhnnvniaminnpftntanainirtp. 
15 Following the procedure of Example 124(b), except substituting 2- 

naphthalenemethanol for 2-biphenylmethanol, the title compound was prepared as a 
white solid (0.132 g, 74%). MS(ESI): 540.1 (M+H)+. 



Example 127 

20 Preparation of f2S. rSlN4r-(4-caiboethoxvthi^ 

memvl-2-rf3-nhenoxvhen7v1n»VMi^nvni a mi n nppnt a n a mirfft 

Following the procedure of Example 124(b), except substituting 3- 
phenoxybenzyl alcohol for biphenylmethanol, the title compound was prepared as a 
white solid (0.107 g, 56%). MS(ESI): 581.9 (M+H)+. 
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Example 19* 

Preparation Of (2S.1 , Sy2^nzvloxvcartyinvn a n tt no-N-ri '-f2.r?. 

bgn^lguMitfinYnthiarol^vn-a'-methvlhutvii^methvipentan^^,. 

a) S-methy] ditbiobiuret bydroiodide salt 

5 To a stirring solution of ditbiobiuret (5.0 g, 37 mmol) in THF (75 mL) was 

added iodomethane (13.1 g, 92.5 mmol, 5.76 ml). After stirring at room 
temperature for 22 h, the solution was diluted with 150 mL of toluene and allowed 
to stand at 0°C for 3 h. The crystals were collected by filtration and washed with 
cold 2: 1 toluene/THF, then dried in vacuo to give the title compound as a white 
10 solid (8.7 g, 85%). MS(ESI): 149.9 (M+H)+ 

b) 3-benzylguanidinyl thiourea 

The compound of Example 128(b) (4.35 g, 15.7 mmol) was dissolved in 
isopropanol (80 mL) and benzylamine (1.77 g, 16.5 mmol, 1.8 mL) was added and 
15 the mixture was heated at reflux for 16 h. The hot solution was filtered and the 
filtrate was cooled to 0 °C. After 5 h, the solid was collected by filtration and 
washed twice with cold iospropanol, then dried in vacuo to provide the title 
compound as a white solid (2.59 g. 61%). MS(ESI): 209.2 (M+H)+. 

20 c) (2S,l'S)-2^iizyloxycarbonyl)aim^ 
yI]-3'-metbylbutyl]-4-methylpentanamide 

Following the procedure of Example (b), except substituting 3- 
benzylguanidinyl thiourea for ethyl thiooxamate, the title compound was prepared 
as a white solid (102 mg, 79%). MS(ESI): 565.1 (M+H)+. 
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Example 129 

Preparation of nSVN44^ri4N-benzvloxvcartionvlaminoV3-methv1bu 
yi<?«topyl1-N-i^^ 

Following the procedure of Example 26(a)-26(d), except substituting methyl 
S hydrazine for hydrazine in step (c), the title compound was prepared as a white 
solid. MS(ESI): 624.1 (M+H)+. 



Ereroplg 130 

Preparation of ( ISVN-r4-ri-(N-benzvloxva^ 
10 vlcarbonvl1-N'-(N-benzvloxv^^ 



a) N-{N-benzyloxycarbonyl-L-leucinyl)-N-methylhydrazide 

Following the procedure of Example 26(c), except substituting N- 
benzyloxycarbonyl-L-leucine methyl ester for ( 1 S)- 1 -benzyloxycarbonylamino- 1 - 
1 S (2-carboethoxythiazol-4-y l)-3-methylbutane and methyl hydrazine for hydrazine, 
the title compound was prepared. 

b) (IS)- 1 -benzy loxycarbony 1 amino 1 -(2-caiboxy thiazol-4-yl)-3 -methy lbutane 

The compound of Example 26(c)(0.57 g., 1.5 mmol) was dissolved in 
20 tetrahydrofuran and treated with an excess of 1.0N sodium hydroxide. The mixture 
was allowed to stir for 4 hours, and was quenched with 1.0N citric acid. The 
solvent was evaporated and the aqueous layer extracted three times with 
dichloromethane. The organic layers were combined and evaporated to give the 
acid as a white foam (0.55 g, 100%). 

25 

c) (lS)-N-[4-[l^-benzyloxycarb^^ 
N-^-benzyloxycaibonyl-LJeucinyl^N'-methylhydrazide 

Following the procedure of Example 28(e), except substituting N-(N- 
benzy loxycarbony l-L-leucinyl)-N-methylhydrazide for (1S)-1- 
30 (benzyloxycarbonyl)amino- 1 -(4-carboethoxythiazoI-2-yl)-3-methylbutane and(lS)- 
1 -benzyloxycaibonylamino- 1 -(2-carboxythiazol-4-yl)-3-methylbutane for N- 
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benzyloxycarbonyJ-L-leucine, the title compound was prepared as a white solid. 
MS (ESI): 624.2 (M+H)+. 

Example, 13j 

5 Preparation of N^-ben^loxv(^rfaonvl-l^leucinviv>r^4v ^ i OT v raT honyi-T - 

leucinvlVL-a lanvlhvdraziflft 

Following the procedure of Example 27(a)-27(c), except substituting L- 
alanine methyl ester for L-leucine methyl ester in step (a), the tide compound was 
prepared as a white solid (225 mg, 42%). MS(ESI): 598. 1 (M+H)+. 

10 

Example 132 

Plreparation of N-fN-frmzvloxvcartonvi-i^^ . 

leucinvnglvcinvlhyHra^rf.. 

Following the procedure of Example 27(a)-27(c), except substituting glycine 
15 methyl ester for L-leucine methyl ester in step (a), the tide compound was prepared 
as a white solid (307 mg, 42%). MS(ESI): 584.1 (M+H)+. 

Example 133 

Preparation Of riSVN-f?-ri-^N-ben2vl 0 Tv Ca rtv W ,vl a min^ 3-niethvlh,ifvn.1 3 A. 

20 tiTOl-g-Ylcajfrmvll-N'-m^^ 
a) ethyl oxalamidrazonate 

To a solution of ethyl thiooxamate (3.0 g, 22.6 mmol) in ethanol (50 mL) 
was added hydrazine hydrate ( 1.13 g. 22.6 mmol, 1.09 mL). The mixture was 
allowed to stir for 3 hours at room temperature, while venting through a scrubber of 

15 concentrated sodium hydroxide solution. The solution was allowed to stand for 16 
hours and the ethanol was evaporated. The residue was boiled in 30% 
dichloromethane in petroleum ether, filtered, and recrystallized to give the desired 
compound as a tan solid. (0.264 g, 9%). 
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b) ( 1 S)- l-benzyloxycaibonylamino-H2-carboethoxy- 1 ,3,4-triazol-5-yl)-3- 
methylbutane 

N-benzyloxycarbonyl-L-leucine (0.535 g, 2.0 mmol) was stirred in THF at - 
5 °C. Ethyl chlorofonnate (0.23 mL, 2.4 mmol) and tricthylaminc (0.25 g, 2.4 
5 mmol, 0.34 mL) were added. The compound of Example 10(a) (0.264 g, 2.0 mmol) 
was then added and the mixture was allowed to stir at room temperature overnight 
The solvents were evaporated and the residue was dissolved in xylenes and heated to 
200 °C using a Dean-Stark apparatus. The heating was stopped after 4 hours and 
the solution was evaporated to a residue which was chromatographed (silica gel, 
10 40% ethyl acetate in hexane) to give the title compound as a white solid (0.498 g, 
69%). 1 HNMR(400MHz,CIX!l3)57.20 (m,5H) ,5.71 (d, lH),5.04(s,2H), 
4.99(dd.lH),4.36(q,2H),1.8(m,2H),1.59(m,lH), 1.31 (t,3H),0.83( 
dd,6H). 

15 c) ( 1 S)- 1 -benzyloxy carbonylamino- 1 -{2-hydrazinocarbonyl- 1 ,3 ,4-triazol-5-yl)-3- 
methylbutane 

Following the procedure of Example 26(c)-26(d), except substituting (1S>-1- 
benzyloxycarbonylamino-K2-carboeft^ for 
( 1 S)- 1 -benzy loxycarbcmy lamino- 1 ^2K^rt>oethoxythia2ol-4-y l)-3-methy lbutane in 
20 step (c), the tide compound was prepared. MS (ESI): 594.5 (M+H) + . 

Example 134 

Preparation of aSVN^-acetvl-I^leucinvlVre^^ 

3-rnsthyltoiiyll^^ 

25 Following the procedure of Example 28(a)-28(e), except substituting N- 

acetyl-Heucine for N-benzyloxycarbonyl-L-leucine in step (e), the title compound 
was prepared as a white solid (95 mg, 67%). MS(ESI): 518.0 (M+H)+ 
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Example 125 

EgGiBtign Of f I S VN-(N-benzvloxvcarhonv1-T ^h mvll-N'-ra-r 1 -<Ty. 
bCnCTloxwarbonvlainmo^-met^ 

Following the procedure of Example 28(a)-28(e), except substituting N- 
5 benzyloxycarbonyl-L-alanine for N-benzyloxycarbonyl-L-leucine in step (e), the 
tide compound was prepared as a white solid (129 mg, 82%). MS(ESI): 568.1 
(M+H)+. 

Example u& 

10 PrewratiOH Of HS)-N-(N-acetvl-i^lanvllNi^ 
methvlbutvnthiaznl-4-vIcartxmynhvrfra^^ 

FoUowing the procedure of Example 28(a)-28(e), except substituting N- 
acetyl-L-alanine for N-benzyloxycarbonyl-L-leucine in step (e), the title compound 
was prepared as a white solid (74 mg, 57%). MS(ESI): 498.1 (M+Na)+. 

15 

Example 137 
BgimtionQfnsyN^-acetYlW^ 
methvlbutvnthiaTnl^l-YlcarfionvnhvriraTirii. 

Following the procedure of Example 28(a)-28(e), except substituting acetic 
20 acid for N-benzyloxycarbonyl-L-leucine in step (e), the tide compound was 
prepared as a white solid (87 mg, 78%). MS(ESQ: 405.1 (M+H)+. 

Example 138 

Preparation Of ( lSVN4?-ri^-benzvloxvcarhonvl a mino V 3-fn e thvlh,,tYlTT hi^f-^- 
25 yfcaftMVl1-^-rN-(4-Dvririi^^ 

FoUowing the procedure of Example 28(a)-28(e), except substituting N-(4- 
pyridmylmethoxycarbonyl)-L-Ieucine for N-benzyloxycarbonyl-L-leucine in step 
(e), the tide compound was prepared as a white solid (121 mg, 72%). MS (ESI): 
611.0(M+H)+. 
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Example 139 

Preparation of nSVN-f2-f 1^-benzvloxvcaTbonvlamm^ 
vlcaibonvIl-N^rN-tt-pyrifflnvl^ 

Following the procedure of Example 28(a)-28(e), except substituting N-(2- 
5 pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycaibonyl-L-leucine in step 
(e), the title compound was prepared as a white solid (125 mg, 65%). MS (ESI): 
611.2(M+H) + . 

Example 140 

10 Preparation of f lS)-N-r241^-benzvloxvcaitonvlaminoV3-memvlbut vlTmia2ol-^ 
vlcaibonvllN'-m-beiiz*lox^^ 

Following the procedure of Example 28(a)-28(e), except substituting N- 
benzyloxycaibonyl-N-methyl-L-leucine for N-benzyloxycarbonyl-L-leucine in step 
(e), the title compound was prepared as a white solid (78 mg, 50%). MS (ESI): 

15 624.3 (M+H)+. 

Example 141 

Preparation of ( !SVN-r2-ri^-heiizvIoxvcaib onvl-N-methvlaminoV3- 
inethvIbutviltMazol-4-vlc^ 

20 teucinvllhvdrazide 

Following the procedure of Example 28(a)-28(e), except substituting N- 
benzyloxycarbonyl-N-methyl-L-leucine for N-terf-butoxycarbonyl-L-leucine in step 
(a) and N^2-pyridmylmethoxycaibonyl)-L-leucine for N-benzyloxycarbonyl-L- 
leucine in step (e), the title compound was prepared as a white solid (120 mg, 72%). 

25 MS (ESI): 625.3 (M+H)+. 
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Example 142 

EttBlBtiflP Of f rSVN^-benzvloxvcaihonvU^I^ 
ben^toxycaitonvl-N-methvl^ 

Following the procedure of Example 28(a)-28(e), except substituting N- 
5 benzyloxycarbonyl-N-methyl-L-leucine for N-tert-butoxycarbonyl-L-leucine in step 
(a), the title compound was prepared as a white solid (95 mg, 74%). MS (ESI): 
624.3 (M+H)+ 

Example 143 

10 Preparation Of (ISVN-f2-ri^-hetizvloTV Ca riinnvl. N-inethv1 a Tnin»\-^. 

methvlbutvnthia2ol-4-vl1eariionvl- N'-fN-benzvlnTvr ^rtKMivl-N-mrthyl.t - 
leucinvnhvdnmHe. 

Following the procedure of Example 28(a)-28(e), except substituting N- 
benzyloxycarbonyl-N-methyl-L-leucinc for N-rm-butoxycarbonyl-L-Icucine in step 
15 (a) and N-benzyloxycarbonyl-N-methyl-L-leucine for N-benzyloxycarbonyl-L- 

leucine in step (e), the title compound was prepared as a white solid (129 mg, 59%). 
MS (ESI): 683.3 (M+H)+. 

Example 144 

20 Pm^pnofnsyN-rc-ri^-memv^^ 

hr-fN-f4-DVridinvlmftthoxvcaihonvn-^-leucinvnhydniri^ 

a) ( 1 S>N-[2-[ 1 -(N -tm4>utoxycarbony I-N-methy lamino)-3-methy Ibuty 1] thiazol-4- 

ylcarDonyl]-hT-[NK4-pyridmylmemoxycaibonyl)-Ueuc^ 

FoUowing the procedure of Example 28(a)-28(e), except substituting N- 
i5 tert-butoxycarbonyl-N-methyl-L-leucine for N-terf-butoxycarbonyl-L-leucine in 
step (a) and NK4-pyridmylmethoxycarbonyl-L-leucine for N-benzyloxycarbonyl-L- 
leucine in step (e), the title compound was prepared as a white solid. MS (ESI): 
591.4 (M+H)+. 
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b) (lS)-N-[2-[l-(N-methylamino^ 
pyridinylmethoxycaibonyl)-L-leucinyl]hydrazide 

To a solution of the compound of Example 21(a) in methylene chloride (10 
mL) was added trifluoroacetic acid (3 mL). After stirring one hour at room 
5 temperature the solution was concentrated and the residue was redissolved in 

methylene chloride, washed with saturated aqueous sodium bicarbonate, dried over 
MgS(>4 and concentrated to afford the title compound as a white solid (259 mg, 
68% for two steps). MS (ESI): 491.4 (M+H)+ 

10 Example 145 

Preparation <rf flSVN-P-f l^^p^tecaito^ 

vlcarbonvll-N'-rN-f tert-butoxvcarbonvl Vl^leucinvllhvdrazide 

Following the procedure of Example 28(a)-28(e), except substituting N-tm- 
butoxycarbonyl-L-leucine for N-benzyloxycarbonyl-L-leucine in step (e), the tide 
15 compound was prepared as a white solid (293 mg, 74%). MS (ESI): 576.4 
(M+H)+. 



Example 146 

Preparation of ( lSVN-r2-ri^ben2vloxvcarh9ny1aminoV3-methvlbutvl1tMa2ol^ 

20 yto^nyll-N'-rN^ftr^ 

Following the procedure of Example 28(a>28(e), except substituting N-terr- 
butoxycaibonyl-N-methyl-L-leucine for N-benzyloxycarbonyl-L-leucine in step (e), 
the title compound was prepared as a white solid (120 mg, 87%). MS (ESI): 590.3 
(M+H)+ 
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Example U7 

vlcarbonvn-N'-rN.methv1. f^leucinvnhvdraTirii. 

Following the procedure of Example 144(b), except substituting (lS)-N-[2- 
[l^-benzyloxycarbonylammo>3^ 

butoxycarbonyl)-NHne%l-L-leiicmyl]byarazide for (lS)-N-[2-[l-(N-teit- 

butoxycarbonyl-N-m^ylamino^a-mcthylbutyljthiazol-^ylcaibonyll-N'-fN^- 
pyridmylmethoxycarbonyl)- L-leucinylJhydrazide, the title compound was prepared 
as a white solid (40 mg, 80%). MS (ESI): 490.3 (M+H)+ 

Example 148 

Preparation Of (lSVN-r241^-benzvloxvcaibonvl a niinn V 3- m ethvlhiirvnthia7^1-4- 

vlcarbooyl1-N'^lcucinyl)tiy(lra7i(1e 

Following the procedure of Example 144(b), except substituting (lS)-N-[2- 
[lKN-benzyloxycarbonyIamino)-3-methylbutyl]thiazol^ylcarbonyl]-NT-[N^r<»rr- 
butoxycarbonyl>I^leucmyl)hydra2ide for (lS)-N-[2-[l-(N-tert-butoxycarbonyl-N- 
nK;thylamino)-3-methylbutyI]thiazo]-4-ylcarbonyl]-N'-[N-(4- 
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide, the title compound was prepared 
as a white solid (39 mg, 100%). MS (ESI): 476.4 (M+H)+ 

Example 149 

Preparation Of (lSVN-f2-f l^-bCTZVloxvcartonvlaminnl^ 
YlcarpQnvll-N'-[N^4-imid^^ 

Following the procedure of Example 28(e), except substituting (lS)-N-[2-[l- 
(N-benzyloxycarbonylammo)-3-memylbutyl]u^ol^ylcarbonyl]-^^ 
leucinyl)hydrazide for (lSH-(beiizyloxycarbonyl)ammo-H4-carb^ 
2-yl)-3-methylbutane and 4-imidazoleacetic acid for N-benzyloxycarbonyl-L- 
leucine, the tide compound was prepared as a white solid (50 mg, 47%). MS (ESI): 
584.4 (M+H)+ 
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EaaoBlfi I5Q 

Preparation of ( lSVN-r2-ri4?J-benzvlo™^ 
methvlbutvllthiaMl^vlc^ 

L-tewinYllhy<iraa(te 
5 a) N-methyl-L-leucine methyl ester 

N-methyli-leucine (1.3 g, 8.95 mmol) was dissolved in 4M HQ, 1,4- 
dioxane (10 mL) and methanol (10 mL). The solution was stirred overnight at room 
temperature, then concentrated to afford the title compound as a white solid (100%). 
MS (ESI): 160.0 (M+H)+ 

10 

b) N-methyl-N-(3-pyridinylmethoxycarbonyl)-l^leucine methyl ester 

To a stirring solution of phosgene in toluene (5.63 mL, 6.025 mmol) in 
methylene chloride (10 mL), cooled to 0°C, was added dropwise a solution of N- 
methyl-L-leucine methyl ester (673 mg, 4.63 mmol) and pyridine (1. 10 g, 0.97 mL, 

15 13.89 mmol) in methylene chloride (4 mL). The solution was stirred at 0°C for 2 
hours. A solution of 3-pyridyl carbinol (0.56 g, 5.09 mmol, 0.49 mL) was then 
added and the reaction mixture was stirred at room temperature for 5 hours. The 
solution was concentrated, redissolved in ethyl acetate, washed with water, dried 
(MgSC>4), filtered and concentrated. The crude residue was purified by column 

20 chromatography on silica gel (6% methanol in methylene chloride) to afford the title 
compound as a yellow oil (88 mg, 7%). MS (ESI): 295.4 (M+H)+ 

c) N-methyl-N-(3-pyridinylmethoxycarbonyl)-L-leucine 

Following the procedure of Example 130(b), except substituting N-methyl- 
25 N-(3-pyridinylmethoxycarbonyl)-I^leucine methyl ester (1S)-1- 

benzyloxycarbonylamino- 1 -(2-hydtaziiKx:arbony lthiazol-4-y l>3-methy lbutane, the 
title compound was prepared as an orange solid (84 mg, 100%). MS (ESI): 281.3 
(M+H)+. 
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d)(lS^N-[2-[lKN-benzyIoxycarbonyI-N-methylamino^3-nicthylbutylJ^ 
ylcarbonyl]-N^[N-(3-pyridinyImethoxycarbonyl)-N-methyl-L-fe^^ 

Following die procedure of Example 28(a)-28(e), except substituting N- 
benzyloxycaitonyl-N-niethyl-L-leucine for N-terr-butoxycarbonyl-L-leucine in step 
5 (a) and N-methyl-N^3-pyridmylmemoxycarbonyl)-L-Ieucine for N- 

benzyloxycarbonyl-L-leucine in step (e), the title compound was prepared as a white 
solid (55 mg. 38%). MS (EST): 639.4 (M+H)+ 

Example 151 

10 Preparation of f !S)-N-r2-n-nq-henzvinTvra ^ 
mtthv l bwMlthiar^vlca^^ 

leucmvllhvdrazkte 

FoUowing the procedure of Example 28(a)-28(e), except substituting N- 
beiizyloxycarbonyl-N-iiiemyl-I^leucine for N-ft?/r-butoxycarbonyl-L-leucine in step 
(a) and N<3-pyridinylmemoxycarb<myl>L-Ieucine for N-benzyloxycarbonyl-L- 
leucine in step (e), the title compound was prepared as a white solid (3 1 mg, 34%). 
MS (ESI): 625.4 (M+H)+. 

Example 152 

Preparation of n SVN-r741^^n^loxvcarb 0 nvi a minn V 3- me thvih,,t Y iT #fri ff7n H- 

Ylcarbpnvll- N , -rN-r3-nvridinvlfn ft th ft yvcarbonvn-T -l eucinvnhvrira^ fr 

Following the ijrocedure of Example 28(a)-28(e), except substituting N-(3- 
pyridmylmemoxy<aibonyl)-L-leiicine for N-beiizyloxycarbonyl-L-leucine in step 
(e), the title compound was prepared as a white solid (63 mg, 42%). MS (ESI): 
611.5(M+H)+ 
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Example 153 

Preparation of ( rSVN^-benzvloxvcarbonvM^^^ 
tenzvloxvcarbonvll^-f241^-m^ 
vliarbonvll-hr-methvlhvdrazide 
5 Following the procedure of Example 28(a)-28(e), except substituting N- 

benzyloxycarbonyl-N-methy 1-Heucine for N-rm-butoxycarbonyl-L-leucine in step 
(a) and methyl hydrazine for hydrazine in step (e), the title compound was prepared 
as a white solid (80 mg, 70%). MS (ESI): 660.4 (M+Na)+ 

io Example 15* 

Preparation of nSlN4241^-benzvloxvcari)on^ 

a) N-methyl-N^2-pyridinylmethoxycaibonyl)-L-leucine methyl ester 

N-(2-pyridinylmethoxycarbonyl)-Heucine methyl ester (490 mg, 1.75 

15 mmol) was dissolved in THF (7.0 mL) and methyl iodide (0.435 mL, 6.99 nunol) 
was added. The reaction mixture was cooled to 0°C in a flask protected from 
moisture. Sodium hydride dispersion (236 mg, 2.62 mmol) was added cautiously 
and the suspension was stirred for 5 hours at room temperature. Ethyl acetate was 
then added, followed by water, drop wise. The solution was concentrated in vacuo, 

20 and the oily residue partitioned between ether and water. The organic layer was 
washed with saturated aqueous NaHCC>3 and the combined aqueous extracts 
acidified to pH 3 with citric acid. The product was extracted with ethyl acetate, the 
extract was washed with water, 5% aqueous sodium thiosulfate and water, dried 
(MgSC>4), filtered and concentrated The crude product was purified by column 

25 chromatography on silca gel (ethyl acetate/ hexane, 3: 1) to give a yellow oil (235 
mg,46%). MS (ESI): 295.4 (M+H)+ 
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b) N-methyI-N-(2-pyridinylmethoxycarbonyl)-L-leucine 

Following the procedure of Example 130(b), except substituting N-methyl- 
N-(2-pyridinylmethoxycarbonyl)-L-Ieucine methyl ester (IS)- 1- 
benzyloxycarbonylaimno-H2-hydrazm^^ 
5 title compound was prepared as a white solid (223 mg, 100%). MS (ESI): 28 1 .3 
(M+H)+ 

c) (lS)-N-l2-[l^-beiizyloxycaibonylam^ 
N'-n^K2-pyridtoylmemoxycarbonyl)-N-memyl-L-leucmyl]hy 

10 Following the procedure of Example 28(a)-28(e), except substituting N- 

benzyloxycarbonyl-N-methyl-L-leucine forN-terf4)utoxycarbonyl-L-leucine in step 
(a) and N-methyl-N^2-pyridmylnKmoxycarbonyl^leucine for N- 
benzyloxycarbonyl-L-leucine in step (e), the title compound was prepared as a white 
solid (50 mg, 44%). MS (ESI): 639.5 (M+H)+ 

15 

Example 

Preparatio n Of nSVN-f241-m-beiizvIoxvc*Thonvl-N^^ 

nrctovlb»tyl1thiaM)l^vfc^ 

L-leucmyllhydiaride 

20 a) L-leucine tert-butyl ester isocyanate 

L-leucine terr-butyl ester hydrochloride ( 10. 1 85 g, 45 J mmol) was 
dissolved in methylene chloride (100 mL), cooled to 0 °C and pyridine (12.7 mL, 
182.0 mmol) was added, then phosgene in benzene (47 mL, 59.1 mmol). The 
solution was stirred at 0 °C for 2 hours. The reaction mixture was washed two times 

25 with 300 mL of cold 0.5 M aqueous HQ. Each aqueous layer was exctracted with 
100 mL methylene chloride. The combined organic phases were washed with a 
mixture of saturated aqueous NaCI solution and crushed ice, dried over MgS0 4 , 
filtered and concentrated to afford the isocyanate as a yellow liquid (5.37 g, 55%). 
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b) N^4-pyridinylmethoxycarbonyI)-L-leiicine terf-butyl ester 

The compound of Example 155(a) (3.05 g, 14.32 mmol) and 4-pyridyl 
carbinol (1.56 g, 14.32 mmol) were dissolved in toluene (80 mL) and heated at 
reflux overnight. The solution was concentrated in vacuo and the residue was 
5 purified by column chromatography on silica gel (ethyl acetate/ hexane, 3: 1) to 
afford the title compound as a colorless oil (2.945 g, 64%). MS (ESI): 323.4 
(M+H)+ 

c) N-methyl-NK4-pyridinylmethoxycarbonyl)-L-leucine terr-butyl ester 

10 Following the procedure of Example 154(a), except substituting N-(4- 

pyridinylmethoxycarbonyl)-L-leucine fert-butyl ester for N-(2- 
pyridinylmethoxycarbonyl)-L-leucine methyl ester, the title compound was prepared 
as a yellow liquid (2.038 g, 68% yield). MS (ESI): 337.5 (M+H)+. 

15 d) N»methyl-N^4-pyridinylmethoxycarbonyl)-L-leucine 

Following the procedure of Example 144(b), except substituting N-methyl- 
N^4-pyridinylmethoxycarbonyl)-L-leucine rm-butyl ester for (lS)-N>t2-[l-(N-tert* 
butoxycarbonyl-N-methylamino)-3-^ 

pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide, the title compound was prepared 
20 as a white solid (343 mg, 72% yield). MS (ESI): 281.3 (M+H)+. 

e) (lS)-N-[2-[l-(N-benzyloxycarbonyl-N^ 
ylcarbonyl>W-[N^4-pyridinyl^ 

Following the procedure of Example 28(a)-28(e), except substituting N- 
25 benzyloxycarbonyl-N-n^thyl-L-leucine for N-terr-butoxycarbonyl-L-Ieucine in step 
(a) and N-methyl-NK4-pyridinylmethoxyc^rbonyl>L-leucine for N- 
benzyloxycarbonyl-L-leucine in step (e), the tide compound was prepared as a white 
solid (50 mg, 44%). MS (ESI): 639.5 (M+H)+. 

30 
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Example 156 

PlTOParation of 2.T-TN VT-Jhi^.^ M-L-I^r^nv nilca^hyrira^ 

Following the procedure of Example 29, except substituting N-acetyl-L- 
leucine for N-benzyloxycaibonyl-L-leucine, the title compound was prepared as a 
5 pale yellow solid (0.153 g, 23%). MS(ESI): 401.3 (M+H)+. 

Example |g7 

Preparation of 2-rN-fN-henzvloxvcarhnnvl-l - lcaicinvm.?'.pj--f 4- 
methvlpentanovnift.fhohvdKaicte 

10 a) N-benzyloxycarbonyl-L-leucine methyl ester 

To a stirring solution of L-leucine methyl ester (2.0 g, 1 1.0 mmol) in 1,4- 
dioxane (20 mL) was added aqueous Na 2 CC>3 solution (12. 1 mL, 2M in H 2 0) 
followed by benzylchlorofonnate (1.96 g, 1 1.5 mmol). The mixture stirred at room 
temperature for 4h then partitioned between ethyl acetate and water. The organic 

15 layer was washed with saturated brine, dried (MgS0 4 ), filtered and concentrated to 
yield the title compound as a colorless oil (3. lg, 100%). 1 HNMR (400MHz, 
CDd 3 ) 57.34 (m,5H), 5.27 (d, 1H), 5.12 (s, 2H), 4.41 (s, 2H), 3.75 (s. 3H), 1.65 
(m, 3H), 0.96 (m, 6H). 

20 b) NKN-benzyloxycarbonyl-L-leucinyl)hydrazide 

To a stirring solution of the compound of Example 157(a) (3. lg, 1 1 .Ommol) 
in methanol (15 mL) was added hydrazide hydrate (5.9 g, 1 18 mmol, 5.7 mL). The 
solution stirred at room temperature for 16 h then concentrated to yield the title 
compound as an off-white solid (3.1 g, 100%). MS(ESI): 280.2 (M+H)+. 

25 

c) l-benzyloxycarbonylanuno-3-iitt^^ 

To a stirring solution of the compound of Example 1 57(b) (3.0 g, 10.8 
mmol) in toluene (50 mL) was added phosgene (56 mL, 1.93M in toluene). The 
solution was heated at reflux for 4h, then concentrated to yield the tide compound as 
30 a pale yellow foam (3. 15 g, 96%). MS(ESI): 306. 1 (M+H)+. 
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d) N-(4-methylpentanoyl)hydrazide 

To a stirring solution of ethyl isocaproate (2.0 g, 13.8 mmol) in ethanol (25 
mL) was added hydrazine monohydrate (6.9g t 138mmol, 6.7 mL). After stirring at 
room temperature for 48 h, the solution was concentrated to yield the title 
5 compound as a white solid (1.8 g, 100%). l HNMR (400MHz, CDC13) 5 7.48 (s br, 
1H), 3.62 (s br, 2H), 2.13 (t, 2H), 1.51 (m, 3H), 0.85 (d, 6H). 

e) 2-[NKN-benzyloxycarbonyl^ 
methylpentanoyl)]caibohydrazide 

10 The compounds of Example 157(c) (0.100 g, 0.325 mmol) and Example 

34(d) (0.042 g, 0.325 mmol) were combined and dissolved in ethanol (1 mL). The 
solution was heated at reflux for 24 hours, then concentrated to a solid yellow 
residue which was washed with cool methylene chloride to yield the title compound 
as a white solid (0.053 g, 37%). MS(ESI): 436.2 (M+H)+. 

15 

Example 158 

Preparation of ^'^J^-fbis^^benzvloxvc^ibonvI-N-methvl-L- 

Following the procedure of Example 29, except substituting N- 
20 benzyloxycarbonyl-N-methyl-L-leucine for substituting N-benzyloxycarbonyl-L- 
leucine, the title compound was prepared with purification by column 
chromatography (silica gel, methanol/dichloromethane) as a white foam (0.236 g, 
23%). MS (MH+): 613.2. 
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Example 1S9 

Preparation of frn^-^tvl-L-leucin^^ . 

leucinvnTcaihnhvdra^tjlff ^ 

a) 2-[N-(N-benzyloxycarbonyl-L-leucinyl)]caibohydrazide 

5 To a stirring solution of the compound of Example 157(c) (3.15 g, 10.3 

mmol) in methanol (2 mL) was added hydrazine hydrate (5.0 g, 100 mmol, 4.8 mL). 
After stirring at room temperature for 24 h, the solution was concentrated to yield 
the tide compound as a pale yellow foam (3.471 g, 100%). MS(ESI): 338.2 
(M+H)+. 

10 

b) 2-[N-(N-acetyM^leucmyl)]-2'-[K 
Ieucinyl)]carbohydrazide 

To a stirring solution of the compound of Example 159(a) (0.100 g, 0.297 
mmol), N-acetyl-L-leucine (0.054 g, 0.312 mmol) and 1-hydroxybenzotriazole 

15 (0.008 g, 0.0594 mmol) in DMF (2mL) was added 1 -(3-dimethylaminopropyI)-3- 
emylcarDodiimide hydrochloride (0.060 g, 0.312 mmol). After stirring at room 
temperature for 16 h, the solution was poured into water and extracted with ethyl 
acetate. The organic layer was dried (MgS0 4 ), filtered and concentrated. The 
residue was purified by column chromatography (silica gel, 

20 methanol/dichloromethane) to yield the title compound as a white solid (0.052 g, 
36%). MS(ESI): 493.1 (M+H)+ 

Example 160 

Preparation Of Z^^rN-hT-rbis-fN-f^nvridinvlni ^ hoxvcafbonvn-f g 

25 lewmvniiicajbohydraTidf 

Following die procedure of Example 29, except substituting N-(4- 
pyridmylmethoxycaibonyl)-L-leiicine for N-benzyloxycarbonyl-L-leucine, the tide 
compound was prepared as a white solid (199 mg, 64%). MS(ESI): 587. 1 (M+H)+. 
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Example 161 

Preparation of 2^'-rN.N'-rbis-rN-f2-pvriduivlmethoxvcaibonvn-L- 
leuginYDnicarbohydraade 

Following the procedure of Example 29, except substituting N-(2- 
5 pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine, the title 
compound was prepared as a white solid (263 mg, 81%). MS(ESI): 587.1 (M+H)+ 

Example 162 

Preparation of 2-rN-fN-beiizvloxvcarbonvl-I^leucinvni-2'-rN , -rN-f2. 
10 pvridinvlmethoxvcarfaonvl VT ,-leucmvmicatfeohvdrazide 

Following the procedure of Example 159(a)-159(b) except substituting N-(2- 
pyridmylmethoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-leucine in step (b), 
the title compound was prepared as a white solid (0.040 g, 15%). MS(ESI): 586.3 
(M+H)+. 

15 

Example 163 

Preparation of 24N-fN4ieii2vloxvcarbonyl-L-leudnvni-2^rN , -iN-r4- 
pvridjnvhnethoxvcarbonvlVL-leucinvnilcarbohvdrazide 

Following the procedure of Example 159(a)- 159(b) except substituting N-(4- 
20 pyridinylmethoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-leucine in step (b), 
the title compound was prepared as a white solid (0.045 g, 17%). MS(ESI): 586.3 
(M+H)+. 

Example 164 
25 Preparation of 2-fN-fN-beiizvloxvcari^ 

PvridinvLmethoTvcarbonvlVL-le ucinvmicarbohvdrazide 

Following the procedure of Example 159(a)- 159(b) except substituting N-(3- 
pyridinylmethoxycarbonyl)-L-leucine lithium salt for N-acetyl-L-leucine in step (b), 
the title compound was prepared as a white solid (0.084 g, 32%). MS(ESI): 586.3 
30 (M+H)+. 
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Preparation Of Z^'-n^tf-fbis^-benzvloxveafhfttivl -L-leucinvnil.?.^ . 
memvltaafaohvdnmH* 

a) N-methyl-NKN-ben2yloxycarbonyl-L-leucinyl)hydrazide 
5 To a stirring solution of N-benzyloxycarbonyl-L-leucine methyl ester (2.2 g, 

8.15 mmol) in methanol (4 mL) was added methylhydrazine (3.7 g, 80 mmol) 
After stirring at room temperature for 16 h, the solution was concentrated to yield 
the title compound as a yellow solid (2. 14 g, 7.3 mmol). MS (ESI): 294. 1 (M+H)+. 

10 b) 2^*-[N,N , -[bis-(N-beiizyloxycarb^^^ 

The compound of Example 157(c) (0.250 g, 0.819 mmol) and the compound 
of Example 165(a) (0.240 g, 0.819 mmol) were combined, dissolved in ethanol and 
heated at reflux for 24 h. The solution was concentrated and the residue purified by 
column chromatography (silica gel, methanol/dichloromethane) to yield the title 

15 compound as a white solid (0.060 g, 12%). MS(ESI): 599.1 (M+H)+. 

Example 166 

ElSBiBlign Of 2^ , -rN.N , -rbis-rN-(3- P vridinvlm e thox Wa riv m YlH,- 
leucinvnnicaihohvriraTi^. 

20 Following the procedure of Example 29 , except substituting N-(3- 

pyridinylmethoxycarbonyl)-L-leucine for N-benzyloxycarbonyl-L-leucine, the title 
compound was prepared as a white solid (157 mg, 48%). MS(ESI): 587.0 (M+H)+ 
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Example 167 
Preparation of l-flSlbenzyn^'-fN^'-fbis^ 

a) N-benzyUdene-N'-(N-benzylox 

5 To a solution of the compound of Example 157(b) (1 g, 3.S mmol) in 

ethanol (30 mL) was added benzaldehyde ( 0.33 mL, 3.2 mmol). The resulting 
mixture was heated at reflux for 4 h. The mixture was concentrated in vacuo then 
purified by flash chromatography (silica gel, 10-50% EtOAc / hexane) to yield the 
title compound as a solid (0.31 g, 23%). MS(ESI): 368.0 (M+H)+. 

10 

b) N-benzyl->T^-benzyloxyc^rbonyl-L-leucinyl)hydrazide 

To a cooled solution of compound of Example 167(a) (0.24 g, 0.65 mmol) in 
THF (5 mL) was added borane tetrahydrofuran complex (0.65 mL, 0.65 mmol; 1M 
solution in THF). The resulting mixture was stirred at room temperature for 4 h 
1 5 then concentrated in vacuo and diluted with ethyl acetate, washed with water, 

saturated brine, dried (MgSC>4), filtered and concentrated in vacuo to give the title 
compound as a white solid (0.25 g, 89%). MS(ESI): 370.0 (M+H)+ 

c) 1 -benzyloxy carbonylamino-3-methyl- 1 -(3-benzyl- 1 ,3 ,4-oxadiazol-2-on-5- 
20 yl)butane 

Following the procedure of Example 157(c), except substituting N-benzyl- 
N f -(N-ben2yloxycarbonyl-L-leucinyl)hydrazide for N-(N-benzyloxycarbonyl-L- 
leucinyl)hydrazide, the title compound was prepared as an oil (0.02 g, 83%). 
MS(ESI): 396.0 (M+H)+ 

25 

d) l-(N-benzyl)-2-[N^-benzyloxycaito^ 

Following the procedure of Example 159(a), except substituting 1- 
benzy loxycarbonylamino-3-methyl- 1 -(3-benzyl- 1 ,3,4-oxadiazol-2-on-5-y l)butane 
for 1 -benzyloxycarbony lamino-3-methyl- 1 -( 1 3,4-oxadiazol-2-on-5-y l)butane in 
30 step (a), the title compound was prepared as a solid (0.01 3 g, 62%). MS(ESI): 
428.0 (M+H)+. 
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d) W-kazyO-^'-IN^'-rta^ 

Following the procedure of Example 159(a)- 159(b), except substituting 1- 
benzyloxycartwnylammo^ 
5 for 1-benzyloxycaibonylan^^ M 

step (a), the title compound was prepared as white solid (13 mg, 86%). MS(ESI): 
675.0 (M+H)+. 

Example 168 

10 Preparation of 2-fN-(N-ben7vloxvcarhonv ^ 
beiwloxvcajbonvl-N-ii^^ 

Following the procedure of Example 159(a)-159(b) except substituting N- 
beii^loxycaibonyl-N-methyl-I^leucine for N-acetyl-L-leucine in step (b). the tide 
compound was prepared as a white solid (0.141 g, 53%). MS(ESI): 599.4 (M+H)+ 



Example 160 

Preparation Of N-r2-n -nanhthvnthiaznI- 4 -vlcartioTivH-Nr-ffj-f4. 
PVridmvlmethoxvcaihofiY^VL-leucinvnhyriraTi^ 

FoUowing the procedure of Example 1 12(a)- l 12(g), except substituting 1- 
naphthyl boronic acid for 2-benzyloxyphenyl boronic acid in step (e), the title 
compound was prepared as a white solid (0.094 g, 58%). MS(ESI): 518.4 <M+H)+. 

E*amP'e 170 

Preparation Of N-r2-(2-bmnenvnthiaznl^.vlr i tt faonvn-N'.rN^d- 
PYridinvlmetnoxvcarhnnvlVT^Ieucinvnhv^T;^ 

Following the procedure of Example 1 12(a)-l 12(g), except substituting 2- 
biphenylboronic acid for 2-benzyloxyphenyl boronic acid in step (e), the title 
compound was prepared as a white solid (0. 100 g, 43%). MS(ESI): 544.3 (M+H)+. 
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Example 1731 

Preparation of N-fN-benzvloxvcaibonvl-N-mewvl-L-1^ 

fflgtijyJprppvlVNiyhwlam^^ 

Following the procedure of Example 1 16(a)- 1 16(b), except substituting N- 
5 benzyloxycarbonyl-N-metbyl-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L- 
leucine in step (b), the title compound was prepared as a white solid (40 mg, 25%). 
MS (ESI): 552.5 (M+H)+ 

Example 172 
10 Preparation of N-fN-niemvl-N-(7-pvriffliwlm 

^-merhvlprnpvlVN-phpnvlaminnlthiazol-^vlcarbonvllhvdrayirie 

Following the procedure of Example 1 16(a)-l 16(b), except substituting N- 
methyl-N-(2-pyridinylmethoxycarbonyl)-L-leucine for N-{4- 
pyridinylmetboxycarbonyl)-L-lcucine in step (b), the tide compound was prepared 
15 as a white solid solid (70 mg, 71%). MS (ESI): 553.4 (M+H)+ 

Example 173 

Preparation of N-r2.r2^nzvloxvphenvntmazol^vlcarPonvn-N'-fN-teft. 
butoxvcarbonvl-L-leucinvnhvdrazide 
20 Following the procedure of Example 1 12(a)-l 12(g), except substituting N- 

rm-butoxycarbonyl-L-leucine for NK4-pyridmylmethoxycarbonyl>-L-leucine in 
step (g), the title compound was prepared as a white solid (1.015 g, 94%). 
MS(ESI): 539.1 (M+H)+. 

Example 174 

Preparation of N-fN-terf-butoxvcarbonvl-L.leucinvl VN , .f2.rN-< > 2- methvlpropvlVN- 
Dhenvlaminolthiazol-4-vlcaThonvnhvdrazide 

Following the procedure of Example 11 6(a)- 11 6(b), except substituting N- 
tm-butoxycarbonyl-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L-leucine in 
step (b), the tide compound was prepared as a white solid (740 mg, 85%). MS 
(ESI): 504.4 (M+H)+. 
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Example 175 

Preparation Of N-(N-ferr-hutoxvcarbonvl-N.niethv1.T ^l«iri n vllN'-rc.rN.r'>. 
lTOthYlPrDPVlVN-Dhetivlaminolthia2ol^vlc^nyt]hy^^ r 

Following the procedure of Example 116(a)-l 16(b), except substituting N- 
terr-butoxycarbonyl-N-methyl-L-leucine for NK4-pyridmylmethoxycaibonyl)-L- 
leucine in step (b), the title compound was prepared as a white solid (610 mg, 69%). 
MS (ESI): 518.4 (M+H)+. 

Example 176 

Preparation of N-r2^2-hen7vli>xvnhenvnthia2ol^-vl ca rhnnYlVM-.n ^- 
Dvrazinecarbonvl-L-leucinvn^yrtr a ^i^ 

a) N-[2^2-beiizyloxyplienyl)tliiazo^^ 

FoUowing the procedure of Example 144(b), except substituting N-[2-(2- 
benzyloxyphenyl)miazol^ylcarbo^ 

leucinyOhydrazide for (lS)-N^2-[l^-tert-butoxycarbonyl-N-inemylainino)-3- 
memyfcutyl]tmazol^ylcarbonyl]-hr-[N-(4-pyridm^ 

leucinyljhydrazide, the title compound was prepared as a white powder (0.766 g, 
93%). MS(ESI): 439.3 (M+H)+. 

b) N-[2K2-beiizyloxyphenyl)tliiazol^y 
leucinyljhydrazide 

Following the procedure of Example 1 16(b), except substituting N-[2-(2- 
benzyloxyphenyI)thiazol^ylau^ f or N-[2-[N- 

phenyl-N-(2-methy 1- 1 -propyl)amino]thiazol-4-ylcarbonyl]hydrazide and 
pyrazinecarboxylic acid for N^4-pyridmylinetlK)xycaibonyl^L-leucine, the tide 
compound was prepared as a white solid (0. 146 g, 94%). MS(ESI): 545.4 (M+H)+ 
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Example 177 
Preparation of N-R-(2-ten^to^fagiiyn^ 

L-leutinvtthvdrazide 

Following the procedure of Example 176(a)- 176(b), except substituting 
5 isonicotinic acid for pyrazinecaxboxylic acid in step (b), the title compound was 
prepared as a white solid (0.135 g, 87%). MS(ESI): 544.3 (M+H)+. 

Tframpto m 

Preparation of N42-r2-dibenzofanmvtt^ 

10 pyriftnyfrrethoxvc^ 

Following the procedure of Example 1 12(a)- 1 12(g), except substituting 2- 
bromodibenzofuran for 2-benzyloxybromobenzene in step (d), the title compound 
was prepared as a white solid (0.079 g, 49%). MS(ESI): 558.3 (M+H)+ 

15 E&ampk 179 

Preparation of N-f2-rN-( 2-methvlpropvl VN-phenvlaminolthiazol-4-^^ 

Following the procedure of Example 176(a)- 176(b), except substituting N- 
(N-im-butoxycarbonyl-I^Ieucin^^^ 
20 phenylamino] thiazol-4-y lcarbonyljhy drazide for N-[2-(2-benzyloxyphenyl)thiazol- 
4-ylcarbony]]-N-(N-te/t-butoxy^ in step (a), the tide 

compound was prepared as a white solid (36 mg, 27%). MS (ESI): 510.4 (M+H)+. 

Erampte 180 

25 Preparation of N-r2-rN-(2-methvlpn^ 

Following the procedure of Example 176(a)-176(b), except substituting N- 
(N-rm-butoxycarbonyl-N-methyl^ 

phenylamino]thiazol-4-ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol- 
30 4-ylcarbonyI]-N'-(N-im-butoxyca^ in step (a), the title 

compound was prepared as a white solid (70 mg, 72%). MS (ESI): 524.4 (M+H)+. 
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Example 181 

Preparatign of N-fN-isonicQtinovl-L-leiicinvi VN , -r2-rN - f2-methvi P T»pYl VN- 
DhenvlaminolthiaTnl-4-vlrariionvllhvdra^ 
5 Following the procedure of Example I76(a)-176(b), except substituting N- 

(N-tert-butoxycartonyl-N-me^ 

pbi:Dylainmo]tbiazol^ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol- 
4-ylcarbonyI]-N'-(N-/m-bwoxycar^ in step (a) and 

isonicotinic acid for pyrazinecaiboxylic aicd in step (b), the tide compound was 
10 prepared as a white solid (28 mg, 22%). MS (ESI): 509.4 (M+H)+. 

faampk 182 

Preparation gf N-^-i^nicotinovl-N-inethvl-L-leucinvi VN'-r 7-^\.p. 
retoYlprgpvlV N-phcnvla^ 
15 Following the procedure of Example 176(a)- 176(b), except substituting N- 

(N-methyl-N-rm-butoxycartx)nyl-N-methyl-L-leucinyl)-N , -[2-[N-(2- 

memylpropyl)-N-pbenylanmio]thiazol-4-ylcarbonyl]hydrazide for N-[2-(2- 
beii^loxyphenyl)thiazol-4-yla^ 

leucinyl)hydrazide in step (a) and isonicotinic acid for pyrazinecaiboxylic aicd in 
20 step (b), the tide compound was prepared as a white solid (1 17 mg,93%). MS 
(ESI): 523.4 (M+H)+. 
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E*agipte 183 

Preparation of N-rN^4-imidazolvlacetvl lI^leucinvl1-N*-r2-rN-( 2-methvlpropvl VN- 
nhenvlamino1thia7x>l^vlcari)onvl1hvdrazide 

Following the procedure of Example 176(a)- 176(b), except substituting N- 
5 (N-jm-butoxycarixmyl-N-metty^^ 

phenylamino]thiazol-4-ylcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol- 
4-yl<*rbonyl]-N'-(N-terf-butoxy(^r^ in step (a) and 4- 

imidazolylacetic acid for pyrazinecarboxylic aicd in step (b) 9 the title compound was 
prepared as a white solid (60 mg, 53%). 1 HNMR (400MHz, CDC1 3 ) 8 7.62-7.23 
10 (m, 8H), 6.81 (s, 1H), 4.72-4.66 (in, 1H), 3.75 (d, 1H), 3.55 (d, 2H), 1.96-1.93 (m, 
2H), 1.76-1.54 (m, 3H), 0.96-0.84 (m, 12H). 

gx^mpk IM 
Preparation of N-f2-rN-(2-methvlpropvlV^^ 
15 (N-picolinoyl-L-leucinvl)hvdrazide 

Following the procedure of Example 176(a)- 176(b), except substituting N- 
(N-/erf-butoxycart>onyl-N^^ 

phenylamino]thiazol-4-yIcarbonyl]hydrazide for N-[2-(2-benzyloxyphenyl)thiazol- 
4-ylcaibonyl]-^-(N-tm-butoxycarbonyl-L-leucinyl)hydrazi^ in step (a) and 
20 picolinic acid for pyrazinecarboxylic aicd in step (b), the title compound was 
prepared as a white solid (50 mg, 44%). MS (ESI): 509.5 (M+H)+. 

Example igg 

Preparation of N-r2-(2-benzvloxvphen^ fN-T4- 
25 pyridfflYlm^QXYcaibQpylVLrtewmanud^ 

a) 2-(2-benzyloxyphenylthiazole-4-carboxylic acid 

Following the procedure of Example 105(b), except substituting ethyl 2-(2- 

benzyloxyphenyl)thiazole-4-carboxyIate for methyl 3-(4- 

pyridinyllmethoxy)benzoate, the title compound was prepared as a white solid 
30 (0.361 g, 90%). MS(ESI): 312.2 (M+H)+. 
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b) 2K2-benzyloxyphenyl)thiazol-4-yI bromomethyl ketone 

Following the procedure of Example I03(a) t except substituting 2-(2- 
benzyloxyphenylthiazole-4-carboxylic acid for N-benzyloxycarbonyl-L-Leucinyl-L- 
Leucine, the title compound was prepared as a white solid (0.327 g, 73%). 
5 MS(ESI): 388.2 (M+H)+. 

c) 2-(2-benzyloxyphenyl)thiazol-4-yl azidomethyl ketone 

A solution of the compound of Example 185(b), (0.319 g, 0.822 mmol), 
sodium azide (0.064 g. 0.987 mmol), and potassium fluoride (0.072 g, 123 mmol) 

10 in DMF (6 mL) was stirred at room temperature for 16 h. The solution was then 
diluted with ethyl acetate and washed successively with water, saturated aqueous 
sodium hydrogen carbonate, and brine. The organic layer was dried (MgS0 4 ), 
filtered and concentrated. The residue was purified by column chromatography 
(silica gel, ethyl acetate/hexane) to yield the tide compound as a white solid (0.087 

15 g, 30%). MS(ESI): 373.3 (M+Na)+. • 

d) 2-azido- 1 ~[2-(2-benzyloxypheny l)thiazol-4-yl]- 1 -hydroxyethane 

To a stirring solution of the compound of Example 185(c) (0.087 g, 0.249 
mmol) in THF ( 1 mL) at 0°C, was added sodium borohydride (0.03 1 g, 0.820 
20 mmol) slowly. After 20 min the mixture was diluted with ethyl acetate and washed 
with water then brine. The organic layer was dried (MgSC>4), filtered and 
concentrated to yield the title compound as a white solid (0.084 g, 96%). 1 HNMR 
(400MHz, CDC1 3 ) 6 8.41 (m, 1H), 7.50 (m, 2H), 7.38 (m, 4H), 7.1 1 (nu 3H), 5.31 
(s, 2H), 5.08 (t, 1H), 3.69 (m, 2H), 3.58 (s b, 1H). 

25 

e) 2-amino-l-[2^2-benzyIoxyphenyl)thi^ 

To a stirring solution of the compound of Example 185(d) (0.084 g, 0.239 
mmol) in methanol (2 mL) was added stannous chloride dihydrate (0.108 g, 0.478 
mmol). After stirring at room temperature for 16 h, the mixture was diluted with 
30 ethyl acetate and washed successively with water, saturated aqueous NaHC0 3 , and 
brine. The organic layer was dried (MgSC>4), filtered and concentrated. The 
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residue was purified by column chromatography (silica gel, 
methanol/dichloromethane) to yield the title compound as a white solid (0.07 5g, 
96%). MS(ESI): 3273 (M+H) + . 



5 f) l-[2^2^nzyloxyphenyl)thiazol-4-yl]-l-hydroxy-2-(4- 
pyridinylinethoxycarbonyl-L-leucinylamino)ethane 

Following the procedure of Example 1 16(b), except substituting 2-amino-l- 
[2-(2-benzyloxyphenyl)thiazol-4-yl J- 1 -hydroxyethane for N-[2-[N-phenyl-N-(2- 
methyl- l-propyl)amino]thiazol^ylcarbonyl]hydrazide t the title compound was 
10 prepared as a white solid (0.075 g, 57%). MS(ESI): 575.4 (M+H)+ 

g) N-[2K2*benzyloxyphenyl)thiazol-4-ylcarbonyl]methyl [N-(4- 
pyridinylmethoxycarbonyl)-I^leucinainide 

To a stirring solution of the compound of Example 185(f) (0.075 g, 0.131 
15 mmol) in dichloromethane (1 mL) was added Mn02 (0.300 g, 3.45 mmol). After 
stirring at room temperature for 24 h, the mixture was filtered and the filtrate was 
concentrated. The residue was purified by column chromatography (silica gel, 
methanol/dichloromethane) to yield the tide compound as a pale yellow solid (0.017 
g,23%). MS(ESI): 573.4 (M+H)+ 

20 

Example 186 

PfrparationofN-r2-^^ 

a) N-benzoyl-hr-methyl-^-(2-methylpr^pyl)thiourea 

25 To a stirring solution of N-methylisobutylamine (3.21 g, 36.8 mmol, 4.45 

mL) in 40 mL of CHCI3 was added benzoyl isothiocyanate (6.0 g, 36.8 mmol, 4.95 
mL). After stirring for 45 min, the solution was concentrated to yield the title 
compound as a pale yellow solid (9.22 g, 100%). 1 HNMR (400MHz, CDCI3; 2: 1 
mixture of rotamers) 5 7.86 (d, 2H), 7.60 (t, 1H), 7.50 (t, 2H), 3.90 (d, 2H), 3.44 (s, 

30 3H), 3.41 (d, 2H), 3.27 (s, 3H), 2.35-2.32 (m, 1H), 2.13 (m, 1H), 1.06 (d, 6H), 0.90 
(d,6H). 
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b) N-methyl-N-(2-inethylpropyI)tbiourca 

The compound of Example 186(a) (9.22 g, 36.8 mmol) was suspended in 80 
mL of 1: 1 methanol/water and solid potassium carbonate (15.27 g, 1 10 mmol) was 
5 added. The mixture was heated at reflux for 48 h, then cooled and partitioned 

between ethyl acetate and water. The aqueous layer was extracted with ethyl acetate 
(2X). The combined organic layers were washed with saturated brine, dried 
(MgSQ4), filtered and concentrated to provide the title compound as a pale yellow 
crystalline solid (4.82 g, 89%). MS(ESI): 147.0 (M+H)+. 

10 

c) N-[2-[N-memyI-N-(2-memylpr^^ 
pyridmylinemoxycarbonyl>L-leucmyl]hydn^de 

Following the procedure of Example 1 13(d)- 1 13(f), except substituting N- 
memyl-N-(2-rnemylpropyl)thiourea for N-(4-phenylphenyl)-N-(2-methyl-l- 
15 propyOthiourea in step (d), the title compound was prepared as a white solid (202 
mg, 97%). MS(ESI): 477.4 (M+H)+. 

Example 187 
Preparation of N-m-mcthvl-N-nicolinovl-I^te^ 
20 phenvlaminolthiaznl^vlp^ rbonvnhvdraTiide 

Following the procedure of Example 176(a)-176(b), except substituting N- 
(N-methyl-N-im-butoxycarbony 

inemylpn>pyl)-N-phenylaiira^ for N-[2-(2- 

beiizyloxyphenyl)thiazol^ylcar^^ 
25 leucinyl)hydrazide in step (a) and picolinic acid for pyrazinecarboxylic aicd in step 
(b), the title compound was prepared as a white solid (30 mg, 41 %). MS (ESI): 
523.5 (M+H)+. 
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Preparation of N4 2^2^nzvloxvphenvntMa2ol^vlcarbonvl1-N^rN^2> 
pyridinesulfonvlVL-leucinvllhvdrazide 

a) 2-pyridinesulfonylchloride 

5 Through a stirring solution of 2-mercaptopyridine (2.235 g, 20 mmol) in 

water (7.5 mL) and concentrated HC1 (26 mL) at 0 °C was bubbled After 
30min, 75 mL of ice water was added and extracted with cold ether (2 X 75mL). 
The organic layers were combined and washed successively with cold 10% aqueous 
NaHC03, and cold brine. The organic layer was dried (MgSC^), filtered and 
10 concentrated to yield the title compound as a clear oil. (3. 1 g, 87%). 

b) N-[2-(2^nzyloxyphenyl)thiazol^ylc^^ 
leucinyljbydrazide 

To a stirring solution of the compound of Example 176(a) (0.125 g, 0.285 
15 mmol), and the compound of Example 188(a) (0.101 g, 0.571 mmol) in 

dichloromethane (2 mL) was added N-methylmorpholine (0.057 g, 0.571 mmol). 
After stirring at room temperature for 10 min the solution was diluted with ethyl 
acetate and washed successively with water and brine. The organic layer was dried 
(MgSC>4), filtered and concentrated. The residue was purified by column 
20 chromatography (silica gel, ethyl acetate/hexane) to yield the title compound as a 
pale yellow solid (0.100 g, 61%). MS(ESI): 580.2 (M+H)+. 



Example 189 

Preparation of N-tt-rN-f 2-methvhropvlVN^ 

25 rN-f2-PvridinesulfonvlVI^leucinvnhvdrazide 

Following the procedure of Example 188(b), except substituting N-(L- 
leucinyl)-N , -[2-[N-(2-methylpiopyl)-N-phenylamino]thiazol-4- 
ylcarbonyljhydrazide for N-U^-benzyloxyphenyOthiazoI^ylcarbonylJ-N'-a-- 
leucinyl)hydrazide, the title compound was prepared as an orange solid (56 mg, 

30 48%). MS (ESI): 545.3 (M+H)+ 
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Example 190 

Preparation Of N-f2-fN-(2-methvlproDvl VN-nhepvlaminolthi a z ol^t■vlr■ a ri^n 1 YH-N^- 
rN-methvl-N^2-nvridinesulfonvlVL-l eucinv11hvd ra 7iH ft 

Following the procedure of Example 188(b), except substituting N-{N- 
5 meroyl-I^leucmyl)-hr-[2-rN-(2-m^ 

ylcarbonyl]hydrazide for N-^^-benzyloxypIienylJthiazol-^ylcarbonyll-N'-CL- 
leucinyl)hydrazide, the title compound was prepared as an orange solid (53 mg, 
40%). MS (ESI): 559.3 (M+H)+. 

10 Example m 

Proration of N-ra-rN-m^^ 
fN^^mridinvlnw^oxvcarbonvlVI^leudnviihvdra^ 

Following the procedure of Example 186(a)- 186(c), except substituting N- 
(3-pyridmylmethoxycarbonyl)-L-leucine for N^4-pyridmylmetiioxycaibonyl)-L- 
15 leucine in step (c), the tide compound was prepared as a white solid (138 mg, 66%). 
MS (ESI): 477.4 (M+H)+. 

Example 192 

BBPffltim Of N-f2-fN-(2-mcwvh«TmviyN-^^ 
20 fN-mctHYl-N-f4-PYridin^ 

Following the procedure of Example 1 16(a)-l 16(b), except substituting N- 
memyl-N-(4-pyridmylmemoxy(»rbonyl)-L-leucine for N-(4- 
pyridmylmethoxycarbonyl)-L-leucine in step (b), the tide compound was prepared 
as a white solid solid (74 mg, 41%). MS (ESI): 553.4 (M+H)+. 
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Example 193 

Preparation of N-r2-rN-(2-methvlpropvl VN- P henvlamiDoTthia2ol-4-vlcarbonvll-N'- 
rN-methvl-N^3-pvridinvIn«thoxvcaffaonvlVI^leucinvl1hvdrazidg 

Following the procedure of Example 1 16(a)-! 16(b), except substituting N- 
5 methyl-N-(3-pyridkylmethoxycarbonyl)-L-leuciue for N-(4- 

pyridinylmethoxycarbonyl)-L-leucine in step (b), the title compound was prepared 
as a white solid solid (50 mg, 38%). MS (ESI): SS3.4 (M+H)+ 

Example 194 

10 Preparation of N-r2-(2-beravto 

pvridinvlmethoxvcarbonvlVL-leucinvllhvdrayide 

Following the procedure of Example 1 12(a)-l 12(g), except substituting N- 
memyl-N^4-pyridmylmethoxycarbonyl)-L-leucine forN-(4- 
pyridinylmethoxycarbonyl)-L-leucine in step (g), the title compound was prepared 

15 as a white solid (0.028 g, 15%). MS(ESI): 588.4 (M+H)+. 

Example 195 
Preparation of N-rN-memvl-N-(4-pvri^ 
naphmvntluazol^vlcarbonvllhvdrazide 
20 Following the procedure of Example 1 12(a)- 1 12(g). except substituting 1- 

naphthyl boronic acid for 2-benzyloxyphenyl boronic acid in step (e) and N-methyl- 
NK4-pyridmylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmetooxycarbonyI)-L- 
leucine in step (g), the tide compound was prepared as a white solid (0.072 g, 36%). 
MS(ESI): 532.4 (M+H)+. 

Example 196 

Preparation of N-r2-lNJ^-fl»isl2-me^ 
(4-pyri(UnviniemoxvcarbonvlV-Meucmvnhvdrazidfi 

Following the procedure of Example 186(a)- 186(c), except substituting N.N- 
dusobutylamine for N-methylisobutylamine in step (a), the title compound was 
prepared as a yellow solid (60 mg, 39%). MS (ESI): 519.5 (M+H)+. 
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Example 197 

Preparation Of N-fN-henzvloxvcarhonvl-L.l e iirinvlV N , .r2-rN ^ y>. 
methvltm>pvnaminolthia»>l.^vlc afbonvnhvrtT«yiri ( » 
5 Following the procedure of Example 186(a)-186(c), except substituting N.N- 

diisobutylamiDe for N-njemyhsobutylamine in step (a) and N-benzyloxycarbonyl-L- 
leucine for N^4-pyri<lmylinemoxycarbonyl)-L-leucine in the final step, the tide 
compound was prepared as a yellow solid (131 mg, 69%). MS (ESI): 518.4 
(M+H)+. 

10 

Example I9fl 

Preparation Of N-r2-f4-morpholino)thiazol-4-vlc a Tho n V n-N'.rN-/A- 
imidinvlmethoxvcartionvl U ^eucinvntivdraririP 

FoUowing the procedure of Example 186(a)- 186(c), except substituting 
15 morpholine for N-methylisobutylamine in step (a), the tide compound was prepared 
as a white solid (45 mg, 31%). MS (ESI): 477.3 (M+H)+. 



EBa aatioq of N-r2-r2-f4-i^dinv1mewoxv>ph«i v ^ 

20 DYridmvunemoxvcaihonvlVT^IeiicinvlThYrira^ 
a) 2-methoxymethoxybromobenzene 

To a stirring suspension of sodium hydride (1.2 g, 52.1 mmol, 60% 
dispersion in mineral oil) in DMF (75 mL) at 0 °C was added 2-bromophenol (6.0 g 
34.7 mmol) dropwise. After stirring for 20 min, bromomethyl methyl ether (4.3 g, 

25 34.7 mmol) was added. After stirring for 16 hat room temperature, the mixture wa 
poured into water (250 mL) and extracted with hexane. The organic layer was 
washed with brine, dried (MgS0 4 ), filtered and concentrated. The residue was 
purified by column chromatography (silica gel, hexane) to yield the tide compound 
as a colorless oil (4.0 g, 53%). *HNMR (400MHz, CDC1 3 ) 8 7.55 (d, 1H), 7.28 (t, 

30 1H), 7. 16 (d, 1H), 6.91 (t, 1H), 5.25 (s, 2H), 3 .54 (s, 3H). 
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b) ethyl 2-(2-methoxymethoxyphenyl)thiazole-4K*iboxyl^ 

Following the procedure of Example 1 12(a)-! 12(b) and 1 12(d)- 1 12(e), 
except substituting 2-methoxymethoxybromobenzene for 2- 
benzyloxybromobenzene in step (d), the title compound was prepared. MS (ESI): 
5 294.3 (M+H)+. 

c) ethyl 2^2-hydroxyphenyl)thiazole-4-carboxylate 

To a stirring solution of the compound of Example 199(b) (0.839 g, 2.86 
mmol) in ethanol (25 mL) was added 10 drops of concentrated hydrochloric acid. 
10 After stirring at reflux for 2 h the solution was concentrated then redissolved in 
ethyl acetate. The solution was washed successively with saturated sodium 
bicarbonate, and brine* dried (MgSC>4), filtered and concentrated to yield the title 
compound as a pale yellow solid (0.674 g, 95%). MS(ESI): 250.2 (M+H)+. 

15 d) ethyl 2-[2^4-pyridylmethoxy)phenyl]thiazole-4-<^xboxylate 

To a stirring solution of the compound of Example 199(c) (0.125 g, 0.502 
mmol), 4-pyridylcarbinol (0.071 g, 0.653 mmol), and triphenylphosphine (0.171 g, 
0.653 mmol) in THF (5 mL) at 0°C was added diisopropyl azodicarboxylate (0.132 
g, 0.653 mmol) dropwise. After stirring at room temperature for 16 h, the solution 

20 was concentrated and purified by column chromatography (silica gel, ethyl 
acetate/hexane) to yield the title compound as a white solid (0. 100 g, 59%). 
MS(ESI): 341.3 (M+H)+. 

e) N-[2-[2-(4-pyridinylmethoxy)phenyl]thiazol^ylcarbonyl]-N , -[NK^ 
25 pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide 

Following the procedure of Example 1 12(f)- 1 12(g), except substituting ethyl 
2-[2^4-pyridylmethoxy)phenyl]thiazole-4-carboxylate for ethyl 2-(2- 
benzyloxyphenyl)thiazole-4-carboxylate in step (f), the title compound was prepared 
as a white solid (146 mg, 83%). MS(ESI): 575.4 (M+H)+ 
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Example 200 

Preparation of N-r2-r2-na P ht^ v nrhia2ol^-vic a rhn F ivii-N , -rN^A- 
PvridinYlmemoxvcaTfeonvlVl^leiiri qviihvdraTidft 

Following the procedure of Example 1 12(a>l 12(g). except substituting 2- 
5 naphthylboronic acid for 2-benzyloxyphenyl boronic acid in step (e), the title 
compound was prepared as a white solid (226 mg, 75%). MS (ESI): 518.4 
(M+H)+. 

E&ampje_2PJ 

10 Preparation of N-f2mN-n>i^^ 

nMthYl-W^^dinYlnw^oxvcaibonvlVL-leudnvllh 

Following the procedure of Example 186(a)-186(c), except substituting N.N- 

diisobutylamine for N-methyUsobuty lamine in step (a) and N-methyI-N-(4- 

pyridmylniethoxycarbonyl)-L-leucine for N^4-pyridinylmethoxycarbonyl)-L- 
15 leucine in the final step, the title compound was prepared as a yellow solid (30 mg, 

25%). MS (ESI): 533J(M+H)+. 

Example 202 
PKlHTOtiCTofN-fN-bcnzvloxvca^ 
20 vlcarixmvnhvdrazifr 

Following the procedure of Example 186(a)- 186(c), except substituting 
morpholine for N-methylisobutylamine in step (a) and N-benzyloxycaibonyl-L- 
leucine for N-(4-pyridinylmethoxycarbony l)-L-leucine in the final step, the tide 
compound was prepared as a white solid (1 15 mg, 67%). MS (ESI): 576.4 
25 (M+H)+. 
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Example 203 

Preparation of N-fN^4-pvridinvlmethoxvcarbonvlVL-leucinvll-N , -r2-r4- 
thiomorpholino)thia2oI-4-vlcarb onvllhvdrazide 

Following the procedure of Example 186(a)- 186(c), except substituting 
5 tbiomorpholine for N-metbylisobutylamine in step (a), the title compound was 
prepared as a white solid (35 mg, 20%). MS (ESI): 493.4 (M+H)+ 

Example 204 

Preparation of N-m-ben2vloxvcari)onvl-L-leucinvlVN , -r2^4- 
10 miomoipholino^thiazol-4-vlcartonvllhvdrazide 

Following the procedure of Example 186(a)- 186(c), except substituting 
thiomoipholine for N-methyhsobuty lamine in step (a) and N-benzyloxycarbonyl-L- 
leucine for N<4-pyridmylmemoxycaibonyl)-L-Ieucine in the final step, the title 
compound was prepared as a white solid (20 mg, 20%). MS (ESI): 492.3 (M+H)+. 

15 

Example 205 

Preparation of N-^2-(2■3^vlenedioxv-4-Inemoxvphenvnthiazol^vl cartx^^vll-N^- 
rN-r4-pvridinvlmi^xvcaTfaonylVI^leucinvnhvQrazide 

Following the procedure of Example 1 12(a)- 1 12(g), except substituting 2,3- 
20 ethylenedioxy-4-methoxybromobenzene for 2-benzyloxybromobenzene in step (d), 
the title compound was prepared as a white solid (3 1 mg, 26%). MS (ESI): 556.4 
(M+H)+. 

25 Preparation of N-r2-m.N-fbisV2-rr«ftvlTropv^^ 

memvl-N-(3-Tivridmvimtsm^^ 

Following the procedure of Example 186(a)- 186(c), except substituting N,N- 

diisobutylamine for N-rnethytisobuty lamine in step (a) and N-methyl-N-(3- 

pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L- 
30 leucine in the final step, the title compound was prepared as a yellow solid (30 mg, 

30%). MS (ESI): 533.5 (M+H)+. 
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Example 207 

Preparation of N-r?,^^cloimx>vinTethvi-N^^ 

N , -fN^4-PYridinvlmethoxvcart)onvlvl^ M .rin V iihy^ prt^ 
5 FoUowing the procedure of Example 186(a)-186(c). except substituting N- 

cyclopropylmethylpropylamine for N-niethylisobutylamine in step (a), the title 
compound was prepared as a yellow solid (60 mg, 23%). MS (ESI): 503.3 
(M+H)+ 

"> Example^ 

Preparation Of N-rN-(4-nvrid m vlmethnTy r ^ 

omnolvnmiazol-4-vlrqrhonviihvdmri^ 

FoUowing the procedure of Example 1 12(a)-l 12(g), except substituting 8- 

bromoquinoline for 2-benzyloxybromobenzene in step (d), the title compound was 
15 prepared as a white solid (134 mg, 56%). MS (ESI): 519.3 (M+H)+. 

Example 209 

Preparation of N-rN-memvl-N^4-nvTidinvlineth oxv^^ 
QUinolvnthiazol-^vlcathnnvllhYHra^^ 

20 FoUowing the procedure of Example 1 12(a)-! 12(g), except substituting 8- 

bromoquinoline for 2-benzyloxybromobenzene in step (d) and N-methyl-N-(4- 
pyridinylmethoxycarbonyl)-L-leucine for N-(4-pyridinylmethoxycarbonyl)-L- 
leucine in step (g), the title compound was prepared as a white solid (53 mg, 22%). 
MS (ESI): 533.3 (M+H)+. 
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Preparation of !-N-fN-(^z>leudnvlVamino-3-N^4-biDhenvl-sulfonvlVamin^ 

propM'2-QDS 

a) 4-bipbeny 1 sulfonyl chloride 
S 4-Biphenyl sulfonic acid (2.4 g, 10 mmol) was heated to 100 C with 

phosphorus pentachloride (2.1 g, 10 mmol) overnight The reaction was cooled to 
RT, diluted with water, filtered and washed with water. The solid was then 
triturated with EtO Ac-ether and the beige solid was used in the next reaction 
without further purification. 
10 b) l-NKN<Jbz-leucinyl)-amino-3-^ 

Following the procedure of Example 5 1(a), except substituting "4-biphenyl 
sulfonyl chloride" for "4-(3-Chlon>-2-cyano-phenoxy)-phenyI sulfonyl chloride", 
the tide compound was prepared: MS(ES) M-FT=550. 

15 

Example 211 

fcecaiaiioiLQLLJ^^ 

a) 3-biphenyl-sulfonyl chloride 

20 3-Biphenyl bromide (9.3 g, 40 mmol) was dissolved in THF (40 ml) and a 

Grignard reagent was prepared in standard fashion with magnesium powder (1.2 g, 
50 mmol). The reaction was cannulated into a solution of sulfiiryl chloride (10.5 g, 
6.4 ml, 80 mmol) in hexanes (25 ml) and was strined at RT for 2h. The reaction 
was quenched with ice-water, extracted with ether, dried with magnesium sulfate, 

25 filtered, concentrated, and was used in the next reaction without further purification. 

b) l-N-( N^z-leucinyl)-amin{>-3-N^3-biphenyl-sulfonyl)-amino-propan-2-one 

Following the procedure of Example 5 1(a), except substituting "3-biphenyl 
30 sulfonyl chloride'' for "4-(3-CMoro-2-cyano-phenoxy)-phenyl sulfonyl chloride", 
the title compound was prepared: MS(ES) M-H*=550. 
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Example 212 

Preparation Of t-N-( N<lw-leucinvIVaiTlino-3-N-f2-h e nTvl ^ v.ph e nvl-«,1f A n Yl )- 
amino-propan-2-^nt. 

a) 2-benzyloxy-phenyl-sulfonyl chloride 

Following the procedure of Example 21 1(a), except substituting "2- 
benzyloxy-phenyl bromide " for "3-biphenyl bromide", the title compound was 
prepared and was used in the next step without further purification. 

b) l-N-( N-Cbz-leucmyl)-anuno-3-^^ 
2-one 

Following the procedure of Example 51(a), except substituting "2- 
benzyloxy phenyl sulfonyl chloride " for "4-(3-Chloro-2-cyano-phenoxy)- P henyI 
sulfonyl chloride-, the tide compound was prepared: MS(ES) M+H*= 581, M+Na = 
604, 2M+Na= 1185. 

Example 213 

Preparation of l-N-( N<^z-leucinvlVamino-3-N-f4- P h g Ti o xv-php F1 Yl-M'l f "riYl)- 
amino-pro pan-2-one 

a) 4-phenoxy-phenyl-sulfonyl chloride 

FoUowing the procedure of Example 21 1(a), except substituting "4-phenoxy 
phenyl bromide " for "3-biphenyl bromide", the title compound was prepared and 
was used in the next step without further purification. 

b) l-N-( N-Cbz-leutinyl)-ammo^ 
one 

Following the procedure of Example 51(a), except substituting "4-phenoxy- 
phenyl-sulfonyl chloride • for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 
chloride", the tide compound was prepared: MS(ES) M+H*= 568, M+Na = 590. 
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Example 214 

Preparation of l-N-( N-Cbz-leucinvlVamino-3-N-a^ 

a) 4-phenoxy-pbenyl-sulfonyl chloride 

5 Following the procedure of Example 210 (a), except substituting "2* 

dibenzofiiran-sulfonic acid" for "4-biphenyl-sulfonic acid", the title compound was 
prepared and was used in the next step without further purification. 

b) l-N-( N-Cbz-leuciny])-amino-3-N-(2-dibe^ 
10 one 

Following the procedure of Example 51(a), except substituting M 4-pbenoxy 
phenyl sulfonyl chloride " for "4^3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl 
chloride", the title compound was prepared: MS(ES) M+IT= 566, M+Na*= 588. 



15 EamBte215 

Preparation of l-N-( N-Cbz-leucinvlVamino-3-N^ sulfonvn- 

Wttn^prgpm-2-ong 

Following the procedure of Example 51, except substituting "3,4- 
diirethoxy-phenyl-sulfonyl chloride " for "4-(3-Chloro-2-cyano-phenoxy)-phenyl 
20 sulfonyl chloride-, the title compound was prepared: MS(ES) M+H*= 536, 
M+NH4 = 553. 



Preparation of l-N-( N-Cbz-leucmvlVamm^ 
25 ^fogylVammo-propM^-QBS 

Following the procedure of Example 51, except substituting "2,5- 
dichlorothiophene-3-sulfonyl chloride " for w 4-(3-Chloro-2-cyano-phenoxy)-phenyl 
sulfonyl chloride", the title compound was prepared: MS(ES) M+NH4*= 567, 
2M+H*=110L 
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Example 217 

PftWffliPlI Of 1-N-f N^-leucinvfVainino-^N^nh e n v l. S ulfnn < .. | S. T >)^ hi:nr -0. 
sulfonvlVamino.propan-2w>iit> 

Following the procedure of Example 51, except substituting " phenyl 
5 sulfone-5-thiophene-2-sulfonyl chloride " for M 4-(3-Chloro-2-cyano-phenoxy)- 
phenyl sulfonyl chloride", the tide compound was prepared: MS(ES) M+H*= 622. 

Example 218 

PfeWration Of 1-N-f N-(^-lcucinvlVaiTiino-3-N-/R- <1 ,,; q 0 ii n e- !t nifn tw | ) . at ni n »- 
10 propaq-2-one 

Following the procedure of Example 51, except substituting "8-quinoline- 
sulfonyl chloride " for "4-(3-Chloro-2-cyano-phenoxy)-phenyl sulfonyl chloride", 
the title compound was prepared: MS(ES) M+H = 527. 

15 Example 210 

Preparation of 1-N-f N-^-leucinvlVamTno--t.N-r2.pv ri dvl- S iilfr tn Y |). f ,| TTinff - 

propan-2-ooe 

Following the procedure of Example 51, except substituting "2-pyridyl- 
sulfonyl chloride" (as described in J. Org. Chan. 1989, 54, 392) for "4-(3-Chloro- 
20 2-cyano-phenoxy)-phenyl sulfonyl chloride", the title compound was prepared: 
MS(ES) M+IT= 477, M+ Na+ = 499. 
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Eampls 22Q 

Preparation of 1-N-f N^74eudnvlVamino>3-N-f2-pvridvl-sulfonvn-amino- 
propan-2-one 

a) l-NKN<^z-leucinyl)-amin^^ 
5 ol 

13-Diamino propan-2-ol (6.75 g, 75 mmol) was dissolved in DMF (100ml) 
and Cbz-leucine (20g, 75.5 mmol), HOBT-hydrate (1 Ig, 81.5 mmol), and EDCI 
(15 Jg, 81.2 mmol) were added. The reaction was stirred overnight at RT. A 
portion of the reaction mixture (30 ml) was concentrated in vacuo, then ether (50 

10 ml) and MeOH (30 ml) were added. A IN solution of hydrochloric acid in ether 
was added (1 M, 30 ml) and a white gum formed, which was washed several times 
with ether. MeOH-acetone were added and heated until the gum became a white 
solid. The white solid was dissolved in DMF (25 ml) and DIEA (5ml), then 4- 
phenoxy phenyl sulfonyl chloride was added. The reaction was stirred for 2h, 

15 concentrated in vacuo, then chromatographed (silica gel, 1:1 EtOAc: hexanes) to 
provide the desired product as a white solid. 

b) Leurinyl-amino-3-N-(4-phenoxy phenyl sulfonyl )-amino-propan-2-ol 

l-N<Cbz-leucinyl>ammo-3-N^4-phenoxy-phenyl-sulfonyI)-amino-pro 
20 2-ol (l.Og, 1.8 mmol) was dissolved in EtOH (30 ml), then 10% Pd/C (0.22g) was 
added followed by 6N hydrochloric acid (2.5 ml), and the reaction was stirred under 
a baloon of hydrogen gas for 4h at RT. The reaction mixture was filtered, 
concentrated, and azeotroped with toluene to provide a white glass which was used 
in the next reaction without further purification. 

25 

c) l-N-(N-4-pyridyl acetyl-leucinyl)-amino-3-N-(4-phenoxy-phenyl-sulfonyl)- 
amino-propan-2-ol 

Leucinyl-amino-3-N-(4-phenoxy phenyl su!fonyl)-amino-propan-2-oI (0.36 
g, 0.76 mmol) was dissolved in DMF (5 ml), then NMM (0.45 ml, 4 mmol) was 
30 added followed by 4-pyridyl acetic acid (0. 13g, 0.75 mmol) and HBTU (0.29g, 0.76 
mmol) and the reaction was stirred at RT overnight. The reaction mixture was 
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concentrated in vacuo, then chromatographed (silica gel, 5%MeOH: methylene 
chloride) to provide the desired product as a white solid (90 mg, MS(ES): M+H+ = 
555. 

5 d) l-N-(N-4-pyridyl acetyl-leucmyl)-animo-3-N-(4-plienoxy-phenyl.sulfonyl)- 
amino-propan-2-one 

14HN^pyridyl-acetyMeucmyl)-ammo-^^ 
amino-propan-2-ol (45 mg, 0.08 mmol) was dissolved in acetone (5ml), then IN 
hydrochloric acid (2 ml) was added. The reaction was concentrated in vacuo, then 

10 redissolved in acetone. Jones reagent (1.5 M, several drops) was added and the 
reaction mixture was stirred for 6h at RT. Isopropanol (0.5 ml) was added and the 
reaction mixture was concentrated in vacuo. The reaction was diluted with pH 7 
buffer and then was extracted with EtOAc, dried with magnesium sulfate, filtered, 
concentrated in vacuo, then chromatographed (silica gel, 5% MeOH-methylenc 

15 chloride) to give the desired product as a white solid (27 mg, 50%): MS0ES): 
M+H+ = 553. 

Example^! 

Banaiation of l-N-( N-2-imidvl-suifonvi4gii C inviv i miig 0 .^.N-(4- P > M .« A7ty - 

20 Dhenvl-sulfonvlV-flmin^-prffp^^ 

Following the procedure of Example 220(a)-(d), except substituting "2- 
pyridyl-sulfonyl chloride" (as described in J. Org. Chan. 1989, 54, 392) for "4- 
pyridyl-acetic acid and HBTU", the tide compound was prepared: MS(ES) M+H*= 
475, M+ Na+ = 497, 2M+ Na+ = 1 171. 

25 

Example 222 

PftPWatipn Of 1-N^-inorDholino-caibonvl-l^ 
phenvl-sulfonvlV-amino-pmpan.?^.. 

Following the procedure of Example 220(aMd), except substituting " N- 
30 morpholino-carbonyl chloride" for "4-pyridyl acetic acid and HBTU", the title 
compound was prepared: MS(ES) M+H*= 547, M+ Na+ = 569, 2M+ Na+ = 1 1 15. 
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Sample 223 

Preparation of 1-N-f N^pfyridvl-caffaonvl-leucinv1V-amino-3-N-r4-phennTv. 

phgnyl-^lfftnylVamiBo-propan-2bflB£ 
5 Following the procedure of Example 220(aMd), except substituting " 4- 

pyridyl-carboxylic acid" for "4-pyridyl acetic acid ", the title compound was 
prepared: MS(ES) M+H*= 539. 

Example 224 

10 Preparation of 1-N-T N-acetvl-leucinvlVamino-3-N-f4- phenoxv-phenvl-suifonvn- 
amino-propan-2-one 

Following me procedure of Example 220(a)-(d), except substituting "acetyl 
chloride" for M 4-pyridyl-acetic acid and HBTU", the title compound was prepared: 
MS(ES) M+H*= 476, M+ Na+ = 498, 2M+ Na+ = 973. 

15 

Example 225 

Preparation of 1-N-C N-imidazole acetvl-leucinvlVamino-3-N-f4-phenoxv-phenvl- 

sulfonylVamino-prnpan-g-one 

Following the procedure of Example 220(aKd), except substituting 
20 "imidazole acetic acid" for "4-pyridyl acetic acid", the title compound was prepared: 
MS(ES)M+H*=542. 

Eaaffipjg_22fi 

Preparation of 1-N-f N-4-caiboxvmethvl benzovMeucinvlVaimno-3-N-r4-phenoxv- 
25 php.nvl_siilfonvIlaminrwpmpan.9wnH. 

Following the procedure of Example 220(a)-(d), except substituting "4- 
carboxymethyl benzoic acid" for "4-pyridyl acetic acid", the title compound was 
prepared: MS(ES) M+H*= 596, M+ Na+ = 618, 2M+ Na+ = 1213. 
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Example 227 

Preparation flf 1-N-f N-fN N-dimethvl Ptv C invlVl e udnv1\. a m inn.^-N./4- r hfnrtn ,. 
Dhenvl-5Sulfonvl\. aiT1 p 0 .p Tn pan.2^p < » 

Following the procedure of Example 220(a)-(d), except substituting "N.N- 
5 dimethyl glycine" for "4-pyridyl acetic acid", the tide compound was prepared: 
MS(ES)M+IT=519. 

Example 228 

BBBaBtion Of 1-N-f N^^dnoline-Milfonamide-lenrin ylVamino-^-N^ ^n^y. 
10 Dhenvl-imlfnnvlVfl^jf^-pi ^nan-2-on^ 

FoUowing the procedure of Example 220(aHd). except substituting M 8- 
qirinoline sulfonyl chloride" for "4-pyridyl-acetic acid and HBTU", the tide 
compound was prepared: MS(ES) M+H*= 625. 
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Example 229 

Prepara tion of l-N-( N-(^z4eucinvlVamino-3-N^8Kium^ 

propan-2-9fle 

13-Diamino propan-2-ol (6.75 g, 75 mmol) was dissolved in DMF (100ml) 
5 and Cbz-leucine (20g, 75.5 mmol), HOBT-hydrate (1 Ig, 81.5 mmol), and EDCI 
(15.5g, 81.2 mmol) was added The reaction was stirred overnight at RT. A portion 
of the reaction mixture (30 ml) was concentrated in vacuo, then ether (50 ml) and 
MeOH (30 ml) were added. A IN solution of hydrochloric acid in ether was added 
(1 M, 30 ml) and a white gum formed, which was washed several times with ether. 

10 MeOH-acetone were added and heated until the gum became a white solid. The 
white solid (0.44g, 1 . 1 mmol) was dissolved in DMF (3 ml) and NMM (0.33ml, 0.3 
mmol), then 8-quinoline carboxylic acid (0.1 7g, 1.0 mmol), and HBTU (0.38g, 1.0 
mmol) were added and the reaction was stirred at RT overnight The reaction 
mixture was concentrated in vacuo, then chromatographed (silica gel, 7:2 EtOAc: 

15 hexanes). The solid was then dissolved in acetone (5ml), then IN hydrochloric acid 
(2 ml) was added The reaction was concentrated in vacuo, then redissol ved in 
acetone. Jones reagent (1.5 M, several drops) was added and the reaction mixture 
was stirred for 6h at RT. Isopropanol (0.5 ml) was added and the reaction mixture 
was concentrated in vacuo. The reaction was diluted with pH 7 buffer and then was 

20 extracted with EtOAc, dried with magnesium sulfate, filtered, concentrated in 

vacuo, then chromatographed (silica gel, 5% MeOH-methylene chloride) to give the 
desired product as a white solid (23 mg, 41%): MS(ES): M+H+ = 491. 

EmmbIs 230 

25 Preparation of l-N-f N-Cbz-leucinvlVa^o-3-N^6^inoline^ arbonvIVamino- 
propan-2-one 

Following the procedure of Example 229, except substituting "6-quinoline- 
carboxylic acid" for "8-quinoline carboxylic acid \ the title compound was 
prepared: MS(ES) M+fT= 491. 

30 
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Example 231 

Preparation Of 1-N-T N^Z-leudnvlVain m c>-3-N-/2-r4-hi P h en viV4-nw. r t 1 yi- 
P m P anamitl ft)- propan-2-one 

Following the procedure of Example 229, except substituting "2-isobutyM- 
5 biphenyl acetic acid " for "8-quinoIine carboxylic acid the tide compound was 
prepared: MS(ES) M+H*= 586, M+ Na+ = 608, 2M+ Na+ = 1 193. 

Example 

hSOaaSUm Of l-N-( N-Cbz-le a cinvllamii»n.^fJ^ M-4-nvrirfvl-m^t), Y ) fn ^ y 
10 caibonvl-leucinvlVainiTin-pt opan-2-onp. 

FoUowing the procedure of Example 229, except substituting "4-pyridyl 
methyleneoxy carbonyl leucine" for °8-quinoHne-carboxylic acid the tide 
compound was prepared: MS(ES) M+rT= 584. 

W Example 233 

Preparat i on of 1-N-f N<ta-lcwnnviyammo-3-N-<^^ 

Following the procedure of Example 229, except substituting "benzoyl 
chloride" for "8-quinoline carboxylic acid and HBTU", the tide compound was 
prepared: MS(ES) M+JT= 440, M+ Na+ = 462, 2M+ Na+ = 901 . 

20 

Example 234 

Preparation of 1-N-f N-rbr-leucinvlVamino-3-N-r2 4-HinH,t h vi-3- su ifonvn- a t T ) j nff . 

niopan-2-niu> 

Following the procedure of Example 51, except substituting "2,4-dimethyl- 
25 3-sulfony] chloride" for "4-(3-Chloro-2-cyauo-phenoxy>phenyl sulfonyl chloride", 
the tide compound was prepared: MS(ES) M+H*= 494. 
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Example 23? 

Preparation of l-N-fN-Cbz-leucinvlVamino-3-N-^1.3-dimethvl-5-chloro- pvra7.nle- 

4-?wtfQnylVwnino-prppM-2-ppe 

Following the procedure of Example 5 1 , except substituting " 1 ,3-dimethyl- 
5 5-chloro- pyrazoIe-4-sulfonyl chloride" for "4-(3-Chloro-2-cyano-phenoxy)-phenyl 
sulfonyl chloride", the title compound was prepared: MS(ES) M+FT= 494. 

Example 23$ 

Preparation of l-N-rN-4-pvridvl-methvleneoxv cflrbonvl-leurinyn-aminn-3-N-M- 
10 pbeagxy-ptenYl-^fQnvl)-anMno-propan-2-one 

Following the procedure of Example 213(a), except substituting "4-pyridyl- 
methyleneoxy carbonyl-leucine" for " Cbz-leucine", the title compound was 
prepared: MS(ES) M+H*= 569. 

is Example 237 

Preparation of 1-N-f N-3-pvridvl-methvleneoxv carponvl-leucinvlVamino-3-N-/4- 
phenoTV-phenvl.sulfniivlV.aininivpropan-2-one 

Following the procedure of Example 213(a), except substituting "3-pyridyl- 
methyleneoxy caibonyl-leucine" for " Cbz-leucine", the tide compound was 
20 prepared: MS(ES)M+IT= 569. 

Example 238 

Preparation of 1-N-f N-2-pvridvl-methvleneoxv-carbon^ 
phenoxv-phenvl-qilfenvn-flfninn-propan-2-ope 
25 Following the procedure of Example 213(a), except substituting "2-pyridyl- 

metbyleneoxy caibonyl-leucine" for " Cbz-leucine", the title compound was 
prepared: MS(ES) M+H*= 569. 



203 



WO 97/16433 



PCT/US96/18000 



Example 239 

Egpaa tipn of l-N-f N-4^aib0XV-hen7wl.len g inv»V a fnin o.^.N^4- r y n ^ y - 
Dhenvl-sulfonv1V.aminn.pmpa^-'?^p f 

l-N-(4-carboxymetbyI-beiizoyl-l^^ 
5 sulfonyl)-ammo-propan-2-one (0.105g, 0.176 mmol) was dissolved in MeOH (5 ml) 
and water (1 ml), then LiOH-hydrate (15 mg, 0.35 mmol) was added and the 
reaction was stirred at RT for lh. The reaction was diluted with water, acidified 
with 6N hydrochloric acid (1 ml), then with EtOAc (2 x 10 ml). The combined 
organics were dried with magnesium sulfate, filtered, concentrated, 
10 chromatographed (silica gel, 50:50: 1 EtOAc: hexanes: AcOH) to give the desired 
product as a white solid (35.6 mg, 35%): MS(ES) M+H*= 582, M+ Na+ = 604. 

Example 240 

Preparation Of l-N-f N-Me-N-^-leucinvlWniino-^-N ^ -phennTv-p ^^. 
15 sulfonvlV-amino-propan-7-fmf 

Following the procedure of Example 213(a), except "N-Me-N-Cbz-leucine" 
for " Cbz-leucine", the title compound was prepared: MS(ES) M+H*= 582, M+ Na+ 
= 604, 2M+Na+= 1185. 

20 Example 241 

Preparation Of 1-N-f 4- P henoxv hen70vlVamino-^-N- <4-nh e iin»v- r l, TO vi- mlfimvlV. 
amino-propan-2-o ne 

Following the procedure of Example 213(a), except "4-phenoxy benzoic 
acid " for " Cbz-leucine", the tide compound was prepared: MS(ES) M+FT= 517, 
25 M+ Na+ = 539, 2M+ Na+ = 1055. 
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Example 242 

Preparation of l-N^3^henoxv-benzovlVamuio-3-N-(4-Dhenoxv-phenvl - sulfonvl)- 
amino-propan-2-one 

Following the procedure of Example 213(a), except "3-phenoxy benzoic 
5 acid " for " Cbz-leucine", the title compound was prepared: MS(ES) M+H*= 517, 
M+ Na+ = 539, 2M+ Na+ = 1055. 

Example 243 

Preparation of l-N-r4-phenoxv benzovlVamino-3-N-f4-phennxv -phenvl- sulfonvlV 
10 amino- p it>pan-?-nnt> 

Following the procedure of Example 213(a), except "4-phenoxy benzoic 
acid " for " Cbz-leucine", the title compound was prepared: MS(ES) M+H*= 517, 
M+ Na+ = 539, 2M+ Na+ = 1055, M-H+ = 515. 

15 Example 244 

Preparation of l-N-(4-biphenvl acetvn-amino-3-N-(4-Dhenoxv-phe nvl-sulfonvn- 

amino-prop an-2-one 

Following the procedure of Example 213(a), except "4-biphenyl acetic acid 

" for " Cbz-leucine", the title compound was prepared: MS(ES) M+H*= 515, M+ 
20 Na+ = 537, 2M+ Na+ = 1051. 

Example 245 

Preparation of l-N-f2-benzvloxv benzovlV-amino-3-N-f4-ph enoxv-phenvl- 
8ulfonYlVj»niino-propanz2^iine 
25 Following the procedure of Example 213(a), except "2-benzyloxy- benzoic 

acid " for " Cbz-leucine", the title compound was prepared: MS(ES) M+H*= 531, 
M+ Na+ = 553, 2M+ Na+ = 1083. 
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Esatnple 246 

Preparation Of 1-N-f N^Tg-leucinvtVa m iiK>.3.N-r4-h ft n r v1 0 Tv.h ft n^vi^ am ^ Th 
propan-2-one 

Following the procedure of Example 229, except substituting "4-benzyloxy- 
5 benzoic acid" for "8-quinoline carboxylic acid ", the tide compound was prepared: 
MS(ES) M+JT= 546, M+ Na+ = 568, 2M+ Na+= 11 13. 

laampig ?47 

Pieparation of 1-N^?^4-biDhenviV4-fn^i- rg nt fl mirf»v3.N-r4- r h ? n ^Y-rti ff ny1 - 

10 sulfonvlV-amino-Dropafi-2-nti«> 

Following the procedure of Example 213(a), except 2-(4-biphenyl)-4- 
methyl-pentanoic acid " for " Cbz-leucine", the tide compound was prepared: 
MS(ES) M+IT= 571, M+ Na+ = 593. 

EtePfflti Qn Of l-N^3^PhenvlV4-methvl-Ti e nt a fnirfr> V 3.N^4-ph ft nnTv. r h^ n Y|- 
snlfonvlV^min ff . pTffpan -2ww M . 

a) 3-bromophcnyl methyl acetate 

3-Bromo phenyl acetic acid (2.15g, 10 mmol) was dissolved in ether, then 
20 was treated with a solution of diazomethane until the yellow color persisted. The 
reaction was then quenched with AcOH, concentrated in vacuo and was used in the 
next reaction without further purification. 

b) 3-biphenyl methyl acetate 

3-bromo-phenyl methyl acetate (2.29g, 10 mmol) was dissolved in toluene 
25 (30 ml). Then, phenyl boronic acid (1 .46g, 12 mmol) was added followed by 
aqueous sodium carbonate (2M, 4.24 ml, 40 mmol), then 
tetrakis(tnphenylphosphine) palladium (0.35g, 0.3 mmol) and was refluxed 
overnighL The reaction was cooled to RT, diluted with saturated ammonium 
chloride, then extracted with EtOAc ( 2 x 10 ml). The combined organics were 
30 dried with magnesium sulfate, filtered, concentrated, and chromatography (silica 
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gel, 5% EtOAc: hexanes) to provide the desired product as a white solid (1.93g, 
84%): MS(ES): M+IT= 263. 

c) 3-biphenyl acetic acid 

5 3-Biphenyl acetyl methyl ester was dissolved in MeOH (40 ml) and water (6 

ml), then LiOH-hydrate (0.7g, 16.8 mmol) was added, and the reaction was stirred 
at RT for 2h. The reaction was diluted with water, acidified with 6N hydrochloric 
acid (1 ml), then with EtOAc (2 x 10 ml). The combined organics were dried with 
magnesium sulfate, filtered, and concentrated to give the desired product as a white 
10 solid (1.66 g, 93%): 1H NMR: d: 7.6-7.25 (m, 9H), 3.7 (s, 2H) 

d) 3-(4-biphenyl>4-methyl-pent-4-enoic acid 

nBuLi (3.26 ml, 1.6 M in hexanes) was added dropwise to a solution of 
diisopropyl amine (0.74 ml, 5.3 mmol) in THF (6 ml) at 0 C. The reaction was 

15 stirred for 15 minutes, then was cooled to -78 C. 3-Biphenyl acetic acid (0.5g, 2.35 
mmol) wasa dissolved in THF (2 ml) and was added dropwise to the LDA solution. 
The reaction was wanned to 0 C, stirred 40 minutes, then cooled to -78 C. 
Isobutenyl bromide (0.475g, 3.52 mmol) was added and the reaction was stirred for 
lh. Water (2 ml) was added and the THF was removed in vacuo. The reaction was 

20 diluted with water, acidified with 6N hydrochloric acid (1 ml), then with EtOAc (2 
x 10 ml). The combined organics were dried with magnesium sulfate, filtered, 
concentrated, chromatographed (silica gel, 5% MeOH: methylene chloride) to give 
the desired product as a white solid (1.66 g, 93%): 1HNMR: d: 7.6-7.3 (m, 9H), 
4.75 (d, 2H), 3.87 (t, 1H), 2.87 (dd, 1H), 2.50 (dd, 1H), 1.70 (s, 3H). 

25 
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e) 3-{4-biphenyl>4-methyl-pentanoic acid 

3-(4-Biphenyl)-4-methyl-pent-4-cnoic acid (0.5g, 1.87 mmol) was dissolved 
in EtOAc (25 ml). Then, 10% Pd/C (60 mg) was added and the reaction was stirred 
for 2.5 b under a balloon of hydrogen gas. The reaction was filtered, concentrated 
5 in vacuo, then was redissolved in 1:5 EtOAc: EtOH (15 ml). Then, 10% Pd/C (80 
mg) was added and the reaction was stirred under a balloon of hydrogen gas 
overnight. The reaction was filtered, concentrated in vacuo, and chromatographed 
(silica gel, 5% MeOH: methylene chloride) to give the desired product as a white 
solid (1.66 g, 93%): 1H NMR: d: 7.6-7.3 (m, 9H), 3.7 (t, 1H), 2.07-1.95 (m, 1H), 
10 1.8-1.7 (m, 1H), 1.6-1.45 (m, 1H). 

f) l-N-(2-(3-biphenyl)-4-inemyl-pentamido)-3-N-(4-pheiK>xy-phenyl-su^ 
amino-propan-2-one 

15 Following the procedure of Example 213(a), except 3-(4-biphenyl)-4- 

methyl-pentanoic acid " for " Cbz-leucine", the title compound was prepared: 
MS(ES) M+H*= 571, M+ Na+ = 593. 

Example 249 

10 Preparation of l -N-(3-biphenvI acetvD-amino-S-N-r^phe n oxv-phenvi-siiifnnYlV 
amino-pmpan-7-onp 

Following the procedure of Example 213(a), except "3-biphenyl acetic acid 
" for " Cbz-leucine", the title compound was prepared: MS(ES) M+H*= 515, M+ 
Na+ = 537, 2M+ Na+ =1051. 



208 



WO 97/16433 



PCT/US96/18000 



Ezampis 2SQ 

Preparation of 1-N-f N-4-pvridvl acetvl>leudnvlVamino-3-N>f2>b enzv1oxv- pbenvK 

a) 1 -N^-Boc-leucinyl)-amiiK>-3-NK2-benzyloxy phenyl-sulfonyl)-amino-propan- 
5 2-ol 

13-Diamino-propan-2-ol (3.375g, 37.5 mmol) was dissolved in DMF (60 
ml). Then HOBT-hydrate was added (5.5g, 40.7 mmol), followed by Boc-L-leucine 
(9.34g, 37.5 mmol) and EDCI (7.77g, 40.7 mmol). The reaction was stirred for 4h, 
then diluted with DMF to make a stock solution of a total volume of 100 ml (0.375 
10 mmol/ml). The stock solution (18 ml, 6.75 mmol) was treated with NMM (0.89 ml, 
7.28 mmol), then 2-benzyloxy phenyl sulfonyl chloride (1.9g, 6.72 mmol). The 
reaction was stirred an additional 2h, then was diluted with water, extracted with 
EtOAc, dried with magnesium sulfate, filtered, concentrated, and chromatographed 
(silica gel, 20% EtOAc: hexanes): MS(ES) M+fT= 550. 

15 

b) l-N^leucinyI)-ainmo-3-N-(2-benzyloxy-phenyI-sulfonyl)-amino-pro^ 

1 -N-(Boc-leucinyl)-amino-3-N-(2-benzyloxy phenyl sulfonyI)-amino~ 
piopan-2-ol (0.7g, 1.3 mmol) was dissolved in 1:1 TFA: DCM (50 ml) and was 
stirred at RT for 2h, concentrated in vacuo and was used in the following reaction 
20 without further purification: MS(ES) M+H*= 450. 

c) l-N-(N-4-pyridyl acetyI-leucinyl)-amino-3-N-(2-benzyloxy-phenyl-sulfonyl)- 
amino~propan-2-one 

FoUowing the procedure of Example 220(bMc), except substituting "1-N- 
25 leucinyl-amino-3-N-(2-benzyloxy phenyl sulfony l)-amino-propan-2-oI " 

for H N-leucinyl-amino-3-N-(4-phenoxy phenyl sulfonyl )-amino~propan-2-ol the 
title compound was prepared: MS(ES) M+H*= 567. 
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Example 251 

PjCBPantiflD Of 1-N-f N-4-PVridvl caihonvl-leti C inylV a mino-3.N-q. benrv1nYy. 
Dhenvl-sulfnnvlVflTnfn^proDan^^ne 

Following the procedure of Example 250(aMc), except substituting "4- 
5 pyridyl carboxylic acid" for "4-pyridyl acetic acid \ the tide compound was 
prepared: MS(ES) M+rT= 553. 



Example. ?52 

PTCPiffatiPn Of 1-N-f N-4-imidazole acetic-leurinYl ) .amino-3-N-^?.benzvlnTv- 
10 Dhenvl-sulfonvlVaniinn-pr ^pan-2-one 

Following the procedure of Example 250(a)-(c), except substituting "4- 
imidazole acid" for "4-pyridyl-acetic acid ", the title compound was prepared: 
MS(ES)M+H*=556. 

15 Example 253 

Preparation Of 1-N-< N-f N.N-diinethvl glvcvtt -lenrin vn-aminn-^-N^-benzvloxv- 

Following the procedure of Example 250(a)-(c), except substituting "NJM- 
dimethyl glycine" for "4-pyridyl-acetic acid ", the tide compound was prepared: 
20 MS(ES)M+IT=533. 



Rxampl" 254 

Preparation Of 1 -frH N-fN-methYl Prolvl-leucinvlVamino-3- N -f2-befi^v1nTv- 
DheiWl-SUlfonvlVajnincv.rmipan-7-^nf 

Following the procedure of Example 250(aMc), except substituting "N- 
methyl proline" for "4-pyridyl acetic acid ", the title compound was prepared: 
MS(ES)M+IT=559. 

Example 255 

Preparation of 1-N-f N-fN-methvI Diixridine^-caibniiviviP.. c inv]V a minn.^-p . 
ben2Vloxv-phenvl.sulfnnvn-aminn-nmpaty?-^p#> 
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Following the procedure of Example 250(aHc), except substituting "N- 
methyl-piperidine-4-carboxylic acid" for "4-pyridyl acetic acid the title compound 
was prepared: MS(ES) M+fT= 573. 



s Esampis 256 

Preparation of 1-N-f N-fN-methvl pjperidinc^arbonvllleucin vll^ 
dibenzofoira-sulfonvl^ 

Following the procedure of Example 250(a)-(c), except substituting "N- 
mediyI-piperidine-4-carboxylic acid" for "4-pyridyl acetic acid " and "2- 
10 dibenzofuran sulfonyl chloride" for "2-benzyloxy phenyl sulphonyl chloride" the 
title compound was prepared: MS(ES) M+H= 557. 



EamBkL25Z 

Preparation of UN-( N-m-methvl pmlvlVleurinvn-aminn^VM^^benzofaran^ 
15 Qiilfn^YlVaf^in^p^n^pff 

Following the procedure of Example 250(a)-(c), except substituting " N- 
methyl proline " for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl chloride" 
for "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: 
MS(ES)M+HT=543. 

20 

Example 258 

Preparation of 1-N-f N-T NJJ-dimethvl glvcvlVleucinvlVamm^ 
dibenzofiiran^siilfonvlVflmin^pTinpan-2-one 

Following the procedure of Example 250(a)-(c) > except substituting N.N- 
25 dimethyl glycine " for "4-pyridyl acetic acid " and "2-dibenzofuran-sulfonyl 
chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 
prepared: MS(ES) M+H*= 517. 
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Example 259 

EffiPfflation of 1-N-f N-4-imidazole acetic.leii C invl^fninrw^.M.fy- dib e n7/>ftir a n. 
sulfopvlVamino-propan-2-one 

Following the procedure of Example 250(aHc), except substituting "4- 
5 imidazole acetic acid" for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl 
chloride" for "2-benzyloxy phenyl sulphonyl chloride" the tide compound was 
prepared: MS(ES) M+H*= 526. 

Example 260 

1° Prepajation of 1-N-f N-4-nvririvl carbonvl-leudnvn. a min^-N .f2wiihenynf..r ?n - 
sulfonvlVamin(vpt opan-2-<me 

Following the procedure of Example 250(a)-(c), except substituting "4- 
pyridyl carboxlic acid" for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl 
chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 

15 prepared: MS(ES) M+H*= 537. 

Example 261 

BgaoilQB Of 1-N-f N-4-Pvridvl acetvl-leucinvn- a in mo-3-N2-dih < >nrnfi,rp n - 
SulfonvlVaminn-pronan-2-nnp 

20 Following the procedure of Example 250(aMc), except substituting "2- 

dibenzofuran sulfonyl chloride" for "2-benzyloxy phenyl sulphonyl chloride" the 
tide compound was prepared: MS(ES) M+H*= 551. 

Example 262 

25 Preparation of 1-N-( N^-imi<ta7*le-acrvlvl-l^ 

SUlfonvlVamino-propan-2-rwiP 

Following the procedure of Example 250(a)-(c), except substituting "4- 
imidazole-acryic acid" for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl 
chloride" for "2-benzyloxy phenyl sulphonyl chloride" the title compound was 
30 prepared: MS(ES) M+H*= 552. 
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Preparation of l-N-( N-nvrazole-<arbonvl-leucinvlVamino.3-N-f2-diben7.afuran- 

^fonyl)-amin<hPirppaq-2-ong 

Following the procedure of Example 250(a)-(c), except substituting 
5 "pyrazole carboxylic acid" for "4-pyridyl acetic acid " and "2-dibenzofuran sulfonyl 
chloride" for "2-benzyloxy phenyl sulphonyl chloride" the tide compound was 
prepared: MS(ES) M+H = 538. 

Example 264 

10 Preparation of l-N-( N-benzovl-leu(^vlVamino-3-N^8-quinoline- sulfonvlVarnino- 

propan-2-^ne 

Following the procedure of Example 250(a)-(c), except substituting 
"benzoic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for "2- 
benzyloxy phenyl sulphonyl chloride" the tide compound was prepared: MS(ES) M 
15 +H*=497. 

Example 265 

Preparation of l-N-( N-2.5^uoro4?enzovl-leticinvlVainino-3-N-(8-quinoline- 

sylfonylVflmino-r>roiffln-7-^ns 
20 Following the procedure of Example 250(a)-(c), except substituting "25- 

difluoro-benzoic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" 
for "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: 
MS(ES)M+ir=535. 

25 Example 266 

Preparation of 1-N-f N-2.5-difluoro-phenvl acetyl -leucinvn-amino-3-N-f8- 

ouinoline-mlfonvlVaminft-pmpan-?^ 

Following the procedure of Example 250(aMc). except substituting "2,5- 
difluoro- phenyl acetic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic 
30 acid" for "2-benzyloxy phenyl sulphonyl chloride" the tide compound was prepared: 
MS(ES) M+H*= 547. 
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Example 267 

ftepffittlPn, Of 1-N-f N-Phenvl acetvI-leucinvlVaniimv^N-f8-q uinnlinP. ? ,lfo nY ^ 

5 Following the procedure of Example 250(aMc), except substituting "phenyl 

acetic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for "2- 
benzyloxy phenyl sulphonyl chloride" the title compound was prepared: MS(ES) M 
+H*=511. 

PfPIWraUPn Of 1-N-f N-4-DVridvl acetvl-leucinvn -aminn-^-N^.qui n oK lw .. 

FoUowing the procedure of Example 250(a)-(c), except substituting "4- 
pyridyl acetic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for 
15 "2-benzyloxy phenyl sulphonyl chloride" the tide compound was prepared: MS(ES) 
M+H*=512. 

Example 269 

ftSBi ffition of 1-N-f N-4-PVridvI carbonvl-leucinv]Vainino-^-N- ( 8-q U ino1ini»- 
20 sulfonylVaTnino-pTnTffiifl-2-ffnt 

Following the procedure of Example 250(aMc), except substituting "4- 
pyridyl caiboxylic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" 
for "2-benzyloxy phenyl sulphonyl chloride" the tide compound was prepared: 
MS(ES)M+IT=498. 
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Example 270 

Preparation of l-N-( N-4-imidazole acetvl-leucinvlVainino-3-N-f8.quinoHne- 
sulfonvlVamino-p ropan-2-one 

Following the procedure of Example 250(aHc), except substituting "4- 
5 imidazole acetyl acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" 
for "2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: 
MS(ES)M+IT=501. 

Example 271 

10 Preparation of 1-N-f N-3-phenvl propionvl-leudnvn-amino-3-N-(8-quinoline- 

s»lfonyiVamino-imum£ape. 

Following the procedure of Example 250(a)-(c), except substituting 
"hydrocinnamic acid" for "4-pyridyl acetic acid " and "8-quinoline sulfonic acid" for 
"2-benzyloxy phenyl sulphonyl chloride" the title compound was prepared: MS(ES) 
15 M+H*=525. 

Example 272 

Preparation of bis-N-N'-f N-4-pvridvl methvleneoxv carbonvl-leucinvlVl .3- 
dirnninn-pmpan-7-npP. 

20 Following the procedure of Example 37, except substituting "4-pyridyl- 

methyleneoxy-carbonyl-Ieucinyl " for "Cbz-leucine " , the title compound was 
prepared: MS(ES) M+IT= 585. 

Example 273 

25 Preparation of bis-N.N'-( N-3-pvridvl methvleneoxv-carbonvl-leucinvlV1.3- 

djanimaapjaa^pjic. 

Following the procedure of Example 37, except substituting "3-pyridyl- 
methyleneoxy-caibonyl-leucinyl " for "Cbz-leucine " , the title compound was 
prepared: MS(ES) M+H*= 585. 
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Example 274 

Preparation Of bis-N NV N-2.pvridvl m*thy l» ne0 xv cariMnvl-l^ Y^j ? . 

d ' an, ' n ff-pmp?n-?-TTnr 

Fouowing the procedure of Example 37, except substituting "2-pyridyl- 
5 methyleneoxy-caibonyl-leucinyl " for "Cbz-Ieucine " , the title compound was 
prepared: MS(ES) M+H = 585. 

Example 27S 

Preparation of 1-N-f N^Z-leudnvn-aminQ.^-Nf^7-h^ Z vio Xv . hgfiynY ^ . ? , min ^ 
10 propan-2-one 

FoUowing the procedure of Example 229, except 2-benzyloxy-benzoic acid" 
for "8-quinoIine-carboxylic acid the title compound was prepared: MS(ES) M 
+H*=546. 

15 Example 27fi 

PrepwatiOn Of 1-N-f N<l>Z-leilcinv[Vamin(v3.N^^.h^TY ^ xv.hen^YlV ffm i 11 r- 
propan-2-nnp 

Following the procedure of Example 229, except "3-benzyloxy benzoic 
acid" for "8-quinoIine carboxylic acid ", the tide compound was prepared: MS(ES) 
20 M+H*= 546. 

Example 277 

Preparation of 1-N-f N^r-leucmvlVamino-l-N^hiphPnvi-^TY^p^n^ 

DTOPan-2-one 

25 Following the procedure of Example 229, except "4-biphenyl acetic acid" 

for "8-quinoline carboxylic acid ", the tide compound was prepared: MS(ES) M 
+H*=530. 
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Example 278 

Following the procedure of Example 5 1 , except substituting n 2- 
5 carboxymethyl thiophene-3-sulfonyl " for M 4-(3-Chloro-2-cyano-phenoxy)-phenyl 
sulfonyl chloride", the title compound was prepared: MS(ES) M-H*=540. 

Example 279 

Preparation of l-N-( N-Cbz.leudnvlWminfvVN- methvKN^ N-Cbz-leucinvll 

io ffwno>propwH?-QB^ 

a) N^Cbz-teucinyl)-amino-propene 

N-Cbz-leucine (3.0g, 1 1.3 mmol) was dissolved in DMF (50 ml), then NMM 
(1.3g, 12.4 mmol) was added, followed by allyl amine (0.65g, 0.85 mmol), and 
HBTU (4.3g, 113 mmol) and the reaction was stirred overnight at RT. The reaction 
1 5 was diluted with water, extracted with EtOAc, dried with magnesium sulfate, 
filtered, concentrated, and chromatographed (silica gel, 40% EtOAc: hexanes): 
MS(ES)M+IT= 305. 

b) N-(Cbz-leucinyl)-amino-propene oxide 

20 N-(Cbz-leucinyl>-amino-propene (2.95g, 9.7 mmol) was dissolved in 

methylene chloride (100 ml), then mCPBA (5.0g, 29.1 mmol) was added and the 
reaction was stirred overnight The reaction was diluted with saturated aqueous 
sodium bicarbonate, extracted with EtOAc, dried with magnesium sulfate, filtered, 
concentrated, and chromatographed (silica gel, 50% EtOAc: hexanes). 

25 

c) l-N-(Chz-Ieucinyl)-amino-3-N-methyl-amino-propan-2-ol 

N-(Cbz-leucmyl)-amino-propene oxide (400 mg, 1.25 mmol) was dissolved 
in isopropanol (5 ml), then aqueous methyl amine (2 ml) was added and the reaction 
was heated to 70 C in a sealed bomb for 2h. The reaction mixture was concentrated 
30 in vacuo and was used in the next reaction without further purification. 
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d) l-N-( N-Cbz-leucinyl)-amino-3-N-methyl-N-{ N-Cbz-leucinyl)-amino-propan-2- 
one 

Following die procedure of Example 229(a), except substituting "l-N-(Cbz- 
leucmyl)-arnmo-3-N-methyl-ammo-propan-2-ol " for "8-quinoline carboxylic acid 
5 ", the title compound was prepared: MS(ES) M+H*= 597. 

Example 280 

Preparation Of 1-N-f N-0)7-lcucinv1Vamino-3-N-inethv1.N ^ N^Upvririvl- 
methvloxv-carbonvl-leiiHnvlVamintvpmpaTi-^^nP 

10 Following the procedure of Example 279(a)-(d), except substituting "4- 

pyridyl-methyleneoxy-carbonyl leucine " for "Coz-laicine" in (d), the tide 
compound was prepared: MS(ES) M+H*= 598. 

Example 

15 Preparation Of 1-N-f N-0)Z-leiidnvlVamino-3-N. me rhvl-N- ( 2-dihetirnfim.n- 
sulfonvn-amino-proDan-2-one 

Following the procedure of Example 279(a)-(d), except substituting "2- 
dibenzofuran sulfonyl chloride " for "Cbz-leucine and HBTU" in (d), the tide 
compound was prepared: MS(ES) M+H*=580, M+ Na + = 602. 

20 

Example 282 

Preparation Of 1-N- mrthvl-1- N-f N-Cbz-leucinvllamin o-3. W-t^-dih w »«fi. ff n - 
sulfonvlVaminn-pmDan-2-one 

Following the procedure of Example 279(aHd), except substitoting "2- 
25 dibenzofuran sulfonyl chloride " for "Cbz-leucine and HBTU" in (a), the tide 
compound was prepared: MS(ES) M+H*=580 
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Example 283 

Preparation of 1-N- methvl-1 N-f N-Cbz-leucinvn.amino-3- N-(2-dibenmfuran- 
snlfnnvlV.amtnft.propan-2-one 

Following the procedure of Example 279(aHd), except substituting "2- 
5 dibenzofuran sulfonyl chloride" for "N-Cbz-leucine" in step (a) and "4-pyridyl 
methyleneoxy carbonyl-leucine " for "Cbz-leucine " in step (d), the title compound 
was prepared: MS(ES) M+H*=580. 

10 Preparation of l-N-f2-dibenzofuran sulfcmvllN-methvtt- aminn-3N-f N-*-pvridv1- 

methvlenenxv P^rhonvl-lpnHTivn-aminfvprTnpan^-nnp 

Following the procedure of Example 279(a)-(d), except substituting "4- 
pyridyl methyl amine" for "allyl amine" and "2-dibenzofuran sulfonyl chloride" for 
"N-Cbz-leucine" in step (a) and " N-4-pyridyl methyleneoxy carbonyl -leucinyl " for 
IS "N-Cbz-leucine and HBTU " in step (d), the title compound was prepared: MS(ES) 
M+H*=581. 

Example 285 

Preparation of 1-N-T N-Chz-leucinvlVamino-3-N-f 4-pvridvl-m ethvleneV3N-f N- 
20 CbT-leucinvlV-atni^o-pmp^r^-^i. 

Following the procedure of Example 279(a)-(d), except substituting "4- 
pyridyl methyl amine " for "methyl amine" , the title compound was prepared: 
MS(ES) M+1T= 674. 

25 Example 286 

Preparation of l-N-rCbz-learinvlVainino-S-N^pvri dvl-inethvleneVSN^- 
dibenzofiinm 5Plfpnyl)-amino-prppaq-?,-ftne. 

Following the procedure of Example 284(a)-(d), except substituting "2- 
dibenzofuran sulfonyl chloride "Cbz-leucine and HBTU" in step (d) , the title 
30 compound was prepared: MS(ES) M+H*=657. 
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Example 287 

ftgParatjOT Of l-N-frh7-leudnvlV a minrw3.N^4-pvriHv1. methvl ft npV^ ?- 

dibenzofuran 5nilfonviiflminrv rTO n r 9^ if 

Following the procedure of Example 284(aHd), except substituting "2- 
5 dibcnzofuran sulfonyl chloride "Cbz-leucine and HBTU" in step (d) , the title 
compound was prepared: MS(ES) M+H*=657. 

Example 7R * 

ftepfflrton of |-N-<4-hiphenvl acetvh-aTnino-3.N./A.p vridvl.fn ft thv^n f w . 
10 Cbz-leucinvlVamin>w [mmf , n -7- ffnf 

Following the procedure of Example 279(a)-(d), except substituting "4- 
biphenyl acetic acid " for "Cbz-leucine - in step (a), "4-pyridyl methyl amine " for 
"methyl amine", the tide compound was prepared: MS(ES) M+JT=621. 

Example 289 

rVpparation Of l-N-f4-Phenoxv-benyx)vlVaminivVN ^ 4-iivridvl-m^hvlene^-^N^ |Nf. 
Cbz-leucinvIVatnin^ propan-7-onp 

Following the procedure of Example 279(aMd), except substituting "4- 
phenoxy benzoic acid " for "Cbz-leucine " in step (a), "4-pyridyl methyl amine " for 
"methyl amine", the title compound was prepared: MS(ES) M+H*= 623. 

Example 290 

Preparation of l-N-f?-dihetizofaran-siiifo^ 

3N-f N-Cbz-leiirinvlV a mi n ft-p TrTpi , 11 .2^ne 

Following the procedure of Example 279(a)-(d), except substituting "2- 
dibenzofuran sulfonyl chloride " for "Cbz-leucine and HBTU" in step (a), "4-pyridyl 
methyl amine" for "methyl amine", the title compound was prepared: MS(ES) 
M+H*=657. 
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Example 291 

Preparatton of Jt-N-f N-3-pyriM-m^yteP^^ 

m<^vl-N-(2^benzofuran-su^^ 

Following the procedure of Example 279(a)-(d) t except substituting "N- 
5 methyl-N-allyl amine n for "allyl amine" in (a), and "3-pyridyl-methyleneoxy- 
caibonyl-Ieucine" for "Cbz-leucine" in step (d), the title compound was prepared: 
MS(ES)M+IT=58L 



10 The above specification and Examples fully disclose how to make and use 

the compounds of the present invention. However, the present invention is not 
limited to the particular embodiments described hereinabove, but includes all 
modifications thereof within the scope of the following claims. The various 
references to journals, patents and other publications which are cited herein 

IS comprise the state of the art and are incorporated herein by reference as though fully 
set forth. 
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We claim: 



A compound according to Formula I: 



0 

ii 

D — C — Q 
I 



wherein: 

D: 




222 



WO 97/16433 



PCT/US96/18000 




L = C 2 ^alkyl, Ar-Co^alkyl, Het-CQ^alkyl, CHCR^NR^Or^ 
CH(R66)Ar, CH(R^)OAr*, Nr66r67 ; 
15 M = C(0),S02; 
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G = 

X-Y 

J = C(0).S02; 

T = Ar, Het; 

V = C3-7cycloalkyl; 

W = H, -CN, -CF 3 , -N0 2 . -COR?, -CC^R* -CONHR6 

-SO2NHR 6 . -NHSO2R 6 , NHCOR7, -O-COR6 -SR°, 
NR-R6 NR*(C=NH)NHR5, CI, Br, I. F; 

X = Y = Z = N, O.SorCR 4 , 

provided that at least two of X, Y and Z are heteroatoms and at least 
one of X, Y and Z is N, or one of X, Y and Z is C=N, C=C or N=N 
and the other two are CR 4 or N, provided that X, Y and Z together 
comprise at least two N; 

— indicates a single or double bond in the five-membered 

heterocycle; 

m = 0, 1.2; 

n = 1 to 6; 

4> = 0, 1,2; 

At = phenyl, naphthyl, optionally substituted by one or more of 

Ph-C 0 _ 6 alkyl, Het-Co-6alkyl, Cj^alkoxy. Ph-Co_ 6 alkoxy, 
Het-Co. 6 alkoxy. OH, (CH2)i^NR58 R 59 
CXCH 2 )i. 6 NR58r59 ; 

At* = phenyl or naphthyl, optionally substituted by one or more of 
Ph-Co_ 6 alkyl. Het-Co^alkyl, C^alkoxy. Ph-Co_ 6 alkoxy, 
Het-Co-galkoxy, OH, (CH2)i^NR58 R 59 t 
0(CH 2 )i^NR58r59 or halogen; 

R = H, Ci-6alkyl, Ar-C 0 . 6 alkyl, Het-Co- 6 alkyl; 

R^HQ-oalkyl; 

R 2 = C4-6alkyl, C4-6alkenyl, benzyl; 
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R3 = Ci-6alkyl, Ar-Co-6alkyl. Het-Co-galkyl, R5cO-, R 5 S0 2 -. 

R 5 OC(0)-, R 5 NHCO; 
R 4 = H, Ci^alkyl, Ar-Co-6alkyl, Het-Co- 6 alkyl; 
R 5 = Ar-0-6alkyl, Het-CQ-6alkyl; 
5 R 6 = H, Ci -6alkyl. CH 2 CF 3 , Ar-CO-6alkyl, Het-Co_ 6 alkyl; 

R 7 = Ci-6alkyl, Ar-Co-6alkyl, Het-Co^alkyl; 
R 8 = H; C2-6 alkenyl; C2-6alkynyl; Het; Ar; Ci^alkyl, 

optionally substituted by OR', SR\ NR'2, CO2R'. ' 

CO2NR2. N(C=NH)NH 2 , Het or Ar; 
10 R 9 = H,Ci^allcyl,Ar<^ 6 alkyl,Het-Co- 6 alkyi; 

R 10 = Ci-6alkyl, Ar-Cb-galkyl, Het-Co_ 6 alkyl; 

R 1 1 = H, Ci-6alkyl. Ar-C 1 . 6 alkyl, Het-Co^alkyl, or 



R* 6 



R«V-N^ • 

9 

R 12 = H, C^galkyl, Ar-Co_ 6 aIkyI. Het-Co^alkyl; 
15 R 13 = H,C 1 ^alkyl,Ar-C 0 . 6 alkyl,Het-Co. 6 alkyl; 



R' 9 



= -^N-R 9 F 



R 14 = ^ ^N-R'R 72 , Ac; 
R 15 = H, C^galkyl, C 2 _6alkenyl. C 2 _6alkynyl, Ar, Het, or 
Ci_6*lkyl optionally substituted by OR 9 , NR 9 2 , 
CONR 9 2 , N(C=NH)NH-, Het or Ar, 
20 Rl 6 = C 2 .6alkyl, C 2 -6alkenyl, C 2 . 6 alkynyl, Ar, Het, or C 2 . 6 alky 1 

optionally substituted by OR 9 , SR 9 , NR 9 2 , C0 2 R 9 , 
CONR 9 2 , N(C=NH)NH-. Het or Ar, 
R 19 = H, C^kyl, C 2 _$alkenyl, C 2 _6alkynyl, Ar, Het, or 
Cj^alkyl optionally substituted by OR 9 , SR 9 . NR 9 2 , 
25 CO2R 9 , CONR 9 2 , N(C=NH)NH-, Het or Ar; 

Rl7 = r72 = H ci-6alkyl, rH>, r!0 C (O)-, rIOqS)-, rIOoC(O)-; 
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5 



10 



R 21 = R 26 = C5-6aIkyl; C2-6alkenyl; C3- 1 lcycloalkyl; T-C3. 
6alkyl; V-Ci-6alkyI; T-C2-6alkenyl; 
T-(CH2) n CH(T)(CH2)n; optionally substituted by one or 
two halogens, SR20, OR20,nr20r27 or Ci^alkyl; 

R 27 = R 28 CO) R28QCO; 

R 28 = Ci-6alkyl; C3- 1 lcycloalkyl; Ar; Het; T-Ci^alkyl; 

T-(CH2) n CH(T)(CH2) n ; optionally substituted by one or 
two halogens, SR20, qr20 NR20R73, Ci-6alkyl; 



R 20 = R 22 . R 23 . R 24 = R 25 = R 73 = H , c M alkyl, At-Cq. 
6 alkyl, Het-Co.galkyl; 
R29 = 
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Cbz-leucinyl-; 2-, 3- f or4-pyridyl methyloxycarbonyl- 
Ieucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl- 
leucinyl, N,N-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl- 
leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl- 
leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 
alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz- 
norleucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon- 
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 
carbonyl, biphenyl acetyl, alpha* isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbonyl- 
aminoacid-; aryl CQ-C^alkyloxy carbonyl-amino acid-, 
heteroary] CQ-Ce^y 10 ^ carbonyl-amino acid-, 
aryl CQ-Cgalkyloxy carbonyl-amino acid-, heteroaryl 
CQ-Cgalkyloxy carbonyl-amino acid-, Cj-Cgalkyloxy 
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carbonyl-amino acid-; Cj -Chalky 1 carbonyl, aryl 
Co-Cgalkyl carbonyl, heteroaryl CQ-Cgalkyl carbonyl, 
aryl Co-Cfcalkyl carbonyl, heteroaryl CQ-Cgalkyl carbonyl, 
Ci-Cgalkyl sulfonyl, aryl CQ-Cgalkyl sulfonyl, heteroaryl 
5 Co-Cgalkyl sulfonyl, aryl CQ-Cgalkyl sulfonyl, heteroaryl 

Co-C^alkyl sulfonyl; 

RSO^-H.Cj-galkyl; 
R31 = 




Cbz-leucinyl-; 2-, 3-, or4-pyridyl methyloxycarbonyl- 
leucinyl-; 4-imidazoIe acetyl-leucinyl-, phenyl acetyl- 
leucinyl, N,N-dimethyl-gIycinyl leucinyl, 4-pyridyl acetyl- 
leucinyl, 2-pyridyl sulfonyl-leucinyl, 4-pyridyl carbonyl- 
leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy- 
benzoyl-, 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 
alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz- 
norieucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon- 
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-,3-, or 4- pyridylmethyloxycarbony 1- 
aminoacid-; aiyl CQ-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl CQ-Cgalkyloxy carbonyl-amino acid-, 
aryl C0-C6alkyloxy carbonyl-amino acid-, heteroaryl 
CQ-Cgalkyioxy carbonyl-amino acid-, galley loxy 
carbonyl-amino acid-; Ci-Csalkyl caibonyl, aryl CQ-C&lkyl 
carbonyl, heteroaryl CQ-Cgalkyl caibonyl, aryl Co-Cgalkyl 
carbonyl, heteroaryl CQ-Cgalkyl caibonyl, Ci-Cgalkyl 
sulfonyl, aryl Cg-Cgalkyl sulfonyl, heteroaryl CQ-C^alkyl 
sulfonyl, aiyl CQ-Cgalkyl sulfonyl, substituted heteroaryl 
Cb-Cgalkyl sulfonyl; 

R 32 = OCH 2 Ar, OCH2C 1 . 6 alkyl, aryl substituted CQ-galkyl, 

heteroaryl substituted C()-6alkyl,4-imidazole methylene; 2-, 
3-, or4-pyridylmethylneneoxy; 4-pyridyl methylene, 2- 
pyridyl sulfonyl, 4-pyridyl, aryl C()-6alkyloxy, 
heteroaryl substituted CQ-galkyloxy; 

R 33 = C 1 - 6 alkyl, -CH 2 Ph, -CH2CH2CO2R 34 ; 
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R 34 = -H,Ci- 6 aJkyl; 
R 35 = Ar. HetAr; 

R 36 = Aryl, heteroaryl, pyridyl, isoquinolinyl; 
R^Cpgalkyl, -CH 2 Ph, -O^CI^CC^R 34 ; 
R 38 = Cbz;Ci-6alkyl or aiyl substituted 
Cbz; Ci-galky] -CO; benzoyl; Ci-galkyl or aryl 
substituted benzoyl; 
R 3 9 = 
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Cbz-leucinyl-; 2-, 3-, or4-pyridyl methyloxycarbonyl- 
leucinyl-; 4-imidazole acetyl-leucinyl-, phenyl acetyl- 
leucinyl N JNJ-dimethyl-glycinyl leucinyl, 4-pyridyl acetyl- 
leucinyl, 2-pyridyI sulfonyHeucinyl, 4-pyridyl carbonyl- 
leucinyl, acetyl-leucinyl, benzoyl-leucinyl, 4-phenoxy- 
benzoyK 2- or 3- benzyloxybenzoyl-, biphenyl acetyl, 
alpha- isobutyl-biphenyl acetyl, Cbz-phenylalaninyl, Cbz- 
norieucinyl-, Cbz-norvalinyl-, Cbz-glutamyl-, Cbz-epsilon- 
(t-butyl ester)-glutamyl; acetyl-leucinyl-, 6- or 8- quinoline 
carbonyl, biphenyl acetyl, alpha- isobutyl-biphenyl acetyl, 
acetyl, benzoyl, 2- or 3- benzyloxy benzoyl, 4-phenoxy 
benzoyl-, 

Cbz-amino acid-; 2-3-, or 4- pyridylmethyloxycarbonyl- 
aminoacid-; aryl CQ-Qjalkyloxy carbonyl-amino acid-, 
heteroaryl CQ-Cgalkyloxy carbonyl-amino acid-, 
aryl CQ-Cgalkyloxy carbonyl-amino acid-, 
heteroaryl CQ-Cgalkyloxy carbonyl-amino acid-, Cj- 
Cgalkyloxy carbonyl-amino acid-; Ci-Cgalkyl carbonyl, aryl 
CQ-Csalkyl carbonyl, heteroaryl CQ-C^dlkyl carbonyl, 
aryl CQ-Cgalkyl carbonyl, heteroaryl CQ-Cgalkyl carbonyl, 
C] -Chalky 1 sulfonyl, aryl CQ-Csalkyl sulfonyl, heteroaryl 
CQrC&lkyl sulfonyl, aryl Co-C^alkyl sulfonyl, heteroaryl 
CQ-Cgalkyl sulfonyl; 

R 40 = HandC 1 - 6 aIkyl; 

R^sHandCi-galkyl; 

R 42 = Cj-galkyl, aryl substituted Ci-galkyl and hetero aryl 
substituted Q-galkyl,; H when R 43 is Ci-galkyl, aryl substituted 
Ci-galkyl; and heteroaryl substituted Cj-galkyl; 
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r43 = Chalky!, aryl substituted Cj-galkyl and hetero aryl 
substituted C^alkyl,; H when R 42 is C|- 6 aJkyl, aryl substituted 
C|-6alkyl; and heteroaryl substituted Cj-galkyl; 
R 44 = CH(R53) N R 4 5r54 > C H(R55 )A r, C 5 . 6 alkyl; 
5 R« = R 46 = R 47 = R 48 = R 49 = R 50 = R 51 = H> Cl _ 6 alkyl, 

Ar-Co- 6 alkyl. Het-CQ.6alkyl; 
R 52 = Ar, Het, CH(R56 )A r, CH(R56 )0 Ar, N(R56 )Ar> C^galkyl, 
CH(R56)NR 4 6 R 57 ; 

r53 = C2-6aIkyl. Ar-Co-6alkyl. Het-Co-galkyl. 
10 R 53 and R 45 may be connected to form a pyrrolidine or 

piperidine ring; 
R*» = R57 = R 47, R 47 C(0)> R 47 C(S)t R 47oc (0); 
R 55 = R 56 = R 58 = R 59 = H , C^alkyl, Ar-C^alky!. Het-Cb- 

6aikyi; 

15 R 60 = R 61 = R 62 = R63 = R64 = h, C,. 6 alkyl. 

Ar-Co. 6 aikyl, or Het-C()-6alkyl; 

R 65 = C^galkyl. Ar. Het, CH(R«>)Ar, CH(R69 )0 Ar. N(R69 )A r, 
CH(R69)NR61 R 70. 

R 66 = R 69 = R 71 = h, Ci.fialkyl, (CH2)o-6-C3-6cycloalkyl, 

20 Ar-Co_ 6 alkyl, Het-Co-galkyl; 

R 67 = C^galkyl, (CH 2 )o-6-C3-6CycloaikyI, Ar-Co-6alkyl, 

Het-CQ-galkyl; R°* and R67 may be combined to form a 
3-7 membered monocyclic or 7-10-membered bicyclic 
carbocyclic or heterocyclic ring, optionally substituted with 

25 1A of C]-6alkyl. Ph-Co^alkyl. Het-Co_ 6 alkyl, Cj.galkoxy. 

Ph-Co_ 6 alkoxy. Het-Co-6alkoxy. OH. (CH 2 )i_6NR 58 R 59 , 
0(CH2)i6NR58 R 59. r 68 = R 70 = R 62 f R 62 C(G) R 62c (S) , 
R 62 OC(0). R 62 0C(O)Nr59ch (R 71 )(CO); 

30 and pharmaceutically acceptable salts thereof. 
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2. A compound according to Claim 1 wherein: 

R" R y-Y 

3 I if; i>-w 

D= r2 and Q = r1 

S3. A compound according to Claim 2 wherein A is Leu. 

4. A compound according to Claim 2 wherein W is CN, NHR 6 , SR 6 , CONHR 6 
or CO2R 6 . 

10 5. A compound according to Claim 2 wherein R 1 is H, methyl or isobutyl. 

6. A compound according to Claim 2 wherein R^ is R5()C(0)-. 

7. A compound according to Claim 2 selected from the group consisting 
1 5 of :(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 '-(2-carboxythiazol-4-yl)-3'- 

methylbutyl]-4-methylpentanamide; 

(2S, I'S)-2-(benzyloxycarbonyI)amino-N-[l '-^-cariwxamidothiazol^yl)-^- 
methylbutyl]-4-methylpentanamide; 

2S , 1 , S)-2-(benzyloxycarbonyl)amino-N-[ 1 '-(2-carboethoxy thiazol-4-yl)-3'- 
20 methylbutyl]-4-methylpcntan amide; 

(2S, 1 'S)-2Kbenzyloxycarbonyl)aniino-N-[ 1 , -(2-cyanothiazol-4-yl)-3-methylbutyI]- 
4-methy lpentanamide ; 

(2S , i*S)-2-{ben2yIoxycarbonyl)amino-N-[ l , -[2-(N , -benzylcarboxaniido)thia2oM- 
ylJO'-methylbutyll^methylpentanamide; 
25 (2S, 1 f S)-2-(benzyloxycarbonyl)amino.N-[ 1 '-[2-[N'-(3- 
methylpropyl)carboxaimdo]ttoazol^ 
(2SJ'S)-2Kbenzyloxycarbonyl)a^^ 
phenylethyl)cartx>xamido]thiazol^yl)]0'-^ 
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(2S, 1 'S)-2-(benzyloxycarbonyl)anuno-N-[ I 44<artx>ethoxythiazoI-2-yJ)-3'- 
methylbutylJ-4-mcthylpentanamide; 

(2S, I 'S)-2-(benzyloxycarbonyI)amin<>-N-[ 1 '-(^carboxythiazol^-yl)^'- 
methylbutyI]-4-methylpentanamide; 
5 (2S 1 1 , S)-2-(benzyloxycarbony l)amino-N-[ 1 ^(^arboethoxythiadiazol^-yD-S'- 
methyIbuty]]-4-methylpentanamide; 
^^SHKbenzyloxyca^^ 
^yO-S-methylbutyll^t-methylpentanamide; 

(2S, 1 , S)-2-(benzyloxycarbonyI)amino-N-[ I •-(4-ca^boelhoxyoxadia20^2.yl).3•- 
10 mcthylbutyl]-4-methylpcatanamide; 

(2S, 1 'SJ^Kbcnzyloxycarbonyl-I^IeucinylJainino-N-t 1 , -(4-carboethoxythiazol-2-yI). 
S'-methylbutylM-methylpentanamide; 

(2S, I 'SJ^-CbenzyloxycaibonyOamino-N-1 1 , -(4-carboxamidooxadiazoI-2-yI)-3- 
methylbutyl]-4-methylpentanamide; 
15 (2S4'S)-2^nzyloxycarbonyl)an^ 
methylbutyI]-3-ptenylpropanamidc; 

(2S, 1 'SJ^-Cbenzyloxycarbonyl-L-IeucinyOamino-N-f I , -(2-carboethoxythiazol-4-y])- 
S'-methylbutylJ-^mcthylpentanamide; 

(2S, 1 'S)-2-(benzy ioxycarbonyl)amino-N-[ 1 '-(5-mercapto- 1 ^/t-oxadiazol-S-yO-S 1 - 
mcthylbutyl]-4-methyIpentanamide; 

(2S, 1 'S)-2-(benzyloxycarbonyl)amino-N-[ 1 , -(2-mercaptothiazol-4-yl).3'- 
methylbutyl]-4-methylpentanaraide; 
(2S)-2-(benzyloxycart>onyl)^^ 
methylpentanamide; 

(2S t 1 'SJ^-Gjenzyloxycarbony l)amino-N-[ 1 '-(2-benzy loxycarbonylthiazol-4-y l)-3 f - 
methy lbuty 1] -4-raethyIpen tan amide ; 

(2SJ , S)-2-(benzyloxycarbonyl)anMno^-methy]-N43 l -methyI- 1 f -(2- 

phenoxycarbonylthiazoI-4-yl)butyl]pentanmnide; 

(2SJ , S)-2Kben^loxycarbonyl)amin(>^methyI-N-[3 , -methyl- 1 '-[2-(2- 
methylpropyloxycartxmyl)^ 
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(2R,rS)-2^cnzyloxycart)onyl)ainino-N-[ 1 '-(4-carbocthoxy thiazol-2-yl)eihyl]-4- 
methylpentanamide; 

(2R4TO-2Kbenzyloxycarbonyl)amino^ 
metbylpcntanamidc; and 
5 (2SJ'S)-N-[r-(2-aininoto 
4-methylpentanamide. 

8. A compound according to Claim 1 wherein: 




10 D= H 



andQ = 



R 



,13 



A compound according to Claim 8 wherein B is 





15 10. A compound according to Claim 9 wherein R 1 1 is r17r * n 
and R 13 are H. 



andR» 2 



11. A compound according to Claim 8 wherein E is absent. 



20 12. A compound according to Claim 8 in which is 



1 3. A compound according to Claim 8 in which R 16 or R 1 9 are i-Bu. 
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A compound according to Claim 8 which is: 



R 16 O R 19 




15. A compound according to Claim 8 wherein R 17 or R 7 2 i s R 10()C(O)-. 

5 

16. A compound according to Claim 8 selected from the group consisting 
of:(lS)-N-[4-[(l-benzyloxycarbon^ 
(N-benzyloxycarbonyl-L-leucinyl)hydrazide; 
N-benzyloxyairbonyl-L-lerc 

10 leucinylhydrazide; and 

( 1 S)-N-[2-[( 1 -benzyloxycarbonylaInino)-3-metbylbutyl]thia2ol-4-ylca^bonylJ-N , - 
(N-benzyloxycart)onyl-L-leucinyl)hydrazide. 



15 



17. A compound according to Claim 1 wherein: 



ff 2 ff 
D. O ff -Q . if S 



1 8. A compound according to Claim 1 7 wherein: 

R 21 and R 26 are selected from the group consisting of: 
20 N-Cbz-leucinyl, N-Cbz-glycinyl, N-acetyl-leucinyl, N-Cbz-alanyl, 



R22 =R 23 =R 24 =R 25 = H . 
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19. A compound according to Claim 17 selected from the group consisting 
ofrl^'-fN^N-bis-benzyloxycartKJnyl-L-leucinyOcarbohydrazide; 
2^(N > N , -bis^clohexylacetyl)cart>ohydrazide; 
2^'-(N,N'-bis-4-methylpentanoyl)carbohydrazide; 

5 Z.Z-CN^-bis-cyclopentylacetyOcarbohydfazide; 

2,2 , -(N t N , -bis-benzyloxycarbonylglycinyl)carbohydrazide; 
2,2'-^ ^N-bis-acetyl-L-leuciny l)carbohydrazide; 
2^ , ^^'-bis-benzyloxycarbonyl-L-alanyl)cartx)hydrazide; and 
2-(N-benzyloxycart>onyl-L-leucinyl)-2^ 

0 

20. A compound according to Claim 1 wherein: 




D= n andQ = H 

15 21. A compound according to Claim 20 wherein R 30 is selected from the group 
consisting of -Me and -CH2CH2Me2- 

22. A compound according to Claim 20 wherein R 33 is selected from the group 
consisting of -Pr, -Bu, and -CH2CH2Me2. 

20 

23. A compound according to Claim 1 wherein R 34 is -r-Bu. 

24. A compound according to Claim 20 selected from the group consisting of: 
bis-(Cbz-leucinyl)- 1 ,3-diamino-propan-2-one; 

25 bis-l,3-(4-phenoxy-benzoyl)-diamino-propan-2-one; 

l-(Cbz-leucinyl)-amino-3-{acetyl-leucinyl)-amino-propan-2-one; 

1 -(Cbz-leucinyl)-amino-3-(Cbz-glutamyl-t-butyl ester)-amino-propan-2-one; 

1 ^Cbz-leuciny l)-amino-3-(Cbz-gl u tamy 1 )-amino-propan-2-one ; 

bis- 1 ,3-(Cbz-leucinyl)-diamino-(S)-butanone-2-one; 
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l-(Cbz4eucinyl)-amino-3-(Cbz-phenylalanyl)-amino-propan-2-one; 
1 -(Cbz-Ieucinyl)-amino-3-(Cb2-norlcucinyl)-amino-propan-2K)ne; 
l-(C^z-leucinyI)-amino-3-(Cbz-norvalinyl)-amino-propan-2-one; 
bis- 1 ,3^Cbz-leucinyl)^amino-5-methyHS)-hexan-2-onc; 
5 1 -(acetyl-leucinyl)-amino0^4-pte and 

I-(Cbz-homo-leucinyl)-amino-(Cbz-leucinyl>3-amino-propan-2-one. 

25. A compound according to Claim 24 known as l-(Cbz-leucinyl)-amino-3- 
(acetyl-leutinyl)-aniino-propan-2-one. 

10 

26. A compound according to Claim 1 wherein: 

D= O andQ= HO 

15 27. A compound according to Claim 26 wherein: 




R 35 is selected from the group consisting of Ph, CN or pyridine. 

» 

28. A compound according to Claim 27 known as bis- 1 ,3-(4-(3-chloro-2-cyano- 
phenoxy)-phenylsulfonamido)-propan-2-onc. 

20 

29. A compound according to Claim 27 known bis- 1 ,3-(4-phenoxy-phenyl 
sulfonamido)-propan-2-one. 
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30. A compound of Claim 1 wherein: 




5 31. A compound according to Claim 30 wherein R^6 i s selected from the group 
consisting of: 




CI 

10 

32. A compound according to Claim 30 wherein 0 f said compound is Me. 

33. A compound according to Claim 3 1 selected from the group consisting of: 
1 -(Cbz-leuciny l)-amino-3-(4-(3-chloro-2-cyano-phenoxy )phenyl sulfonamido)- 

15 propan-2-one; 

1 -(Cbz-leucinyl)- amino-3-(tosy l-amino)-propan-2-one; 

l-(Cta-leucinyl)-amino-3-((4-phenoxy-phenyl>^ 

l-(C^z-leucinyl)-amincH3-(2-diben2ofiiransulfonamid 

1 -(Cbz-homo-leucinyl)-amino-3^2Klibenzofuransulfonamido)propan-2-one; and 
20 l-(Cfoz-leucinyl)-amino^2^ibenzofa^ 

34. A compound according to Claim 33 known as 1 -(Cbz-leuciny l)-amino-3-((4- 
phenoxy-phenyl)-sulfonamido)~pn>pan-2-one. 
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35. A compound according to Claim 33 known as HCbz-leucinyl)-amino-3-(2- 
dibenzofuransulfonamidoMS)-butan-2-one. 

36. A compound according to Claim 33 known as 1 -(Cbz-Ieucinyl)-amino-3-(2- 
dibenzofuransulfonamido)-propan-2-one. 

37. A compound according to Claim 1 wherein: 




Y. 



R 

I 



,39 



10 D = 



O R 40 R 41 
u M and Q= R 



38. A compound according to claim 37 wherein R 43 is 2- 
dibenzofuranylsulfonyl. 



15 39. A compound according to Claim 38 selected from the group consisting of: 
(S)-phenylmethyl [ 1 -[[[3-[benzyloxycarbonyl-leucinyl-aminoJ-2- 
oxopropyl]- 1 -(benzy l)amino]carbonyl]-3-methylbutyl Jcarbamate; 

(S)-Phenylmethyl [ l-[[[3-[(2^ibenzofuranylsulfonyl)amino]-2-oxopropyI]- 
3-(benzyl)amino]carbonyl]-3-methylbutyl]carbamate; 
20 (S)-Phenylmethyl [l-[I[3-[(2^ibenzofuranylsulfonyl)anuno]-2-oxopropyl]- 

3^4-pyridinyinie%l)aminoJcarbonylJ-3-memylbutyl]carbamate; 

I-[[[3-[(2-dibenzofuranylsulfonyl)amino]-2-oxopropyl]-3-(4- 
pyridinylmethyl) benzamide; and 

(S)-Phenylme%l[l-[[[3-[(2^benzofni^ylsulfonyi)amino]-2-oxopropyl)- 
25 1 ^4-pyridUnylmemyl)anunolcarbonyl]-3-methylbutyl]carbamate. 
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40. A compound according to Claim 39 known (S)-pheny Imethyl [ 1 -[[[3-[(2- 
dibenzofurany lsulfony l)amino]-2-oxopropyI]- 1 -(4- 
pyridinylmethyl)amino]carbonyl]-3-melhylbutyl]carbamate. 

5 41. A compound according to Claim 39 known as (S)-phenylmethyl [l-[[[3- 
[benzy loxycarbonyl-lcucinyl-amino]-2-oxopropyl]- 1 -(benzyl)amino]carbonyl]-3- 
methylbutyl]carbamate. 



10 

42. A compound according to Claim I wherein: 
R 48 R 51 

D= O R andQ= R 

15 43. A compound according to Claim 42 wherein: 

R 44 = CH(R53)NHr54; 

R45, R46, r48 R 49 R 50 and R5 1 are H; 

R 4 ? is independently CH3, benzyl, 2-pyridinylmethoxy, 4- 
dimethylaminobenzyl; 
20 J = C(0); 

R 52 = Ar, CH(RlO)Ar, CH(R 10 )OAr, N(R'0)Ar, CH(RlO)NR"Rl I; 

R53 = ethyl, i-Bu; 

R 54 = R 47 t r47 C (0), r470C(0); 

R 56 = H,CH 3 , i-Bu; 
25 R57 m R47 f r47qc(0); 

At = phenyl or naphthyl, optionally substituted by one or more of Ph-CQ. 
6alkyl, Het-Co-galkyl, Ci^alkoxy, Ph-Co-galkoxy, Het-CQ. 
6alkoxy, OH, (CH2)i-6NR 58 R 59 , 0(CH2)i^NR 58 R 59 ; 

R58, r59 = H , Cj^alkyl, Ar-C^ky!; Het-Co_ 6 alkyl. 
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44. A compound according to Claim 42 selected from the group consisting of: 
2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2 , -[N , -(4- 
pbenoxyphenylsulfonyl)]carbohydrazide; 
5 2-[NKN-benzyloxycarbonyl-L-aIanyl)>2-^ 
leucinyl)]carbohydrazide; 
2-[N^N-benzyloxycai^ 

2-[N-(N^nzyloxycarbonyl-L-leucinyl)]-2 , -[N'-(4- 

methoxyben2oyl)]carbohydrazide; 
10 2-[N-(N-benzyloxyrarbonyl-L-leucinyI)]-2 , -[N , -(4- 

phenoxybenzoyl)]carbohydrazide; 

2-(N-acetyl)-2^[N , -(N-benzyloxyc^ 

2-[N-(N-acetyl^leucinyl)]-2'-[N^ 

a!anyl)]carbohydrazide; 
15 2-[N-(N-acetyl-L-alanyl)]-2^^ 

leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)J-2 , -[N , -[4-(N,N- 
dimethylaminomethyl)benzoyl)]]carbohydrazide; 
2-[N-(N-benzyloxyaui>onyl-L-teu^ 
20 morpbolinometbyl)]]benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-leucinyl)]-2 , -[N , -[4-(N,N- 

dimethylaminomethyl)benzyloxy]carbonyl-L-leucinyl]carbohydrazide; 
2-(N-benzoyl)-24^-(N-berc^^ 

2-|N^-benzyloxycart)onyl-L-Ieucinyl)l-.2 , -[N , -[3-(4- 
25 morpholinomethyl)benzoyl]]carbohydrazide; 
2-[N-(3-benzyloxybenzoyl)]-2'-[W^ 
leucinyl)]carbohydrazide; 

2-[N-(N-benzyloxycarto^ ! . 

propyloxy]benzoyl]]carbohydrazide; 
30 2-[N-(2.benzyloxybenzoyl)]-2 , -[N^N-benzyloxycarbonyl-L- 
leucinyl)]carbohydrazide; 
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2-[N-(N-benzyloxycarbonyI-L-leucinyl)J-2 , -[N , -[3-(4- 
pyridylmethoxy)bcnzoyl]]cartx)hydrazide; 
2-[N-(4-benzyloxybenzoyl)]-2-[N , -(N-benzyloxycart)onyl-L- 
leucinyl)]carbobydrazide; 
5 2-[N-(N-benzyloxycart)onyI-L-^ 
mclhoxy)ben2oyl]carbohydrazide; 

2-[N-(N-benzyIoxycarbonyl-l^leucinyl)]-2 , -[NH3-benzyloxy-4 t 5- 
dimethoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyloxycarbonyl-L-Ieucinyl)]-2'-[N , -(3-benzyloxy-5- 
10 ethoxy)benzoyl]carbohydrazide; 

2-[N-(N-benzyIoxycarbonylglycinyO^ 
leucinyl)]caibohydrazide; 

2-[N-(3-benzyIoxybenzoyl)]-2-[N , -(N-benzyIoxycarbonyl-L- 
prolinyl)]carbohydrazide; 
1 5 2-[N-(N-benzyloxycarbony l-L-leucinyl)]-2 , -[N , -(4- 
phcnylphenylacety!)]carbohydrazide; 
(2'S)-2-[N^3-benzyloxybenzoyl^ 
ami nobu tyry l)]carbohy drazide ; 

2,2'-[N,N , -[bis-(4-phenylphcnylacetyl)]]carbohydrazide; 
20 (2'RS)-2-[N-(N-benzyloxyca^ 

phenylphenoxy)propionyl]carbohydrazide; 

2-[N-(3-benzyloxybenzoyl)]-2'-^ 

(2RS, 2 , RS)-2 f 2'-[N t N , -[bis-[2-<4-phenylphenyl)-4- 

methylpentanoyl)]]]carbohydrazide; 
25 (rRSK-tN^-benzyloxyc 

methylpentanoyl)]]carbohydrazide; 

(2 , RS).2.[N.(3-bcnzyloxybenzoyl)]-2 , 4N , -[2<4-phenyIphenyl)-^ 
methylpentanoyl)]]carbohydrazide; 

2-[N-(3-benzyloxybenzoyl)]-2 4 -[N^-ben2yloxycarbonyl-N-methyl-L- 
30 leucinyl)]carbohydrazide; 
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2-fN-(3-benzyloxybenzoyl)]-2 , 4N , -[N-(2-pyridinyImethoxycarbonyl)-L- 
leucinyl]]carbohydrazide; 

2-[N-[3-(4-pyridylroethoxy)benzoyM 
leuciny 1] Jcarbohy drazide; 

5 (2RS)-2-[N-[2-(4-phenylphenylM-m^^ 

pyridinylmethoxycarbonyl)-L-Ieucinyl]]carbohydrazide; 
2-[N-(N-benzyloxycarix^ 
methylpentanoyl)]]carbohydrazide; 
2^N^N-benzyloxycarbonyl-L-le^ 
1 0 methylpcntanoyl)]]carbohydrazidc; 
2-[NKN-benzyloxycarbonyI-L-te^^ 
mcthylpropy])carbaiiK)yl]]cart)ohydrazide; 

24N-(3-benzyIoxybenzoyl)]-2 , -[N , -(N-me%I-L-leucinyl)]ca^ and 
2-[N^N-benzyloxycarbonyI^L-leuciny])J>2 , -[N , -(N-methyl-L- 
1 5 leuc inyl )]carbohy drazide. 



45. A compound according to Claim 1 wherein: 



20 



R 64 

D= L_ G~ andQ= R 63 



46. A compound according to Claim 45 wherein G is: 



25 47. A compound according to Claim 45 wherein R 63 is H and R 64 is H. 

48. A compound according to Claim 45 wherein R 66 is i-butyl and R^9 ls 
i-butyl. 
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49. A compound according to Claim 45 wherein R 65 isCH(R69)NR6lR70 

50. A compound according to Claim 49 wherein 

R 69 

is i-butyl. 

5 

51. A compound according to Claim 50 wherein is H. 

52. A compound according to Claim 49 wherein R 70 is R 62 OC(0), in which 
R62is 

10 




53. A compound according to Claim 45 wherein R*>5 is Ar or CH(R^9)Ar % in 
which Ar in said R^5 group is 




54. A compound according to Claim 45 wherein L is 

CH(R 4 )NR'r6, CH(R 4 )Ar, NR 4 R 5 , CH(R 4 )OAr\ Ar, or Het. 

20 
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55. A compound according to Claim 54 wherein R 4 is i-butyl. 

56. A compound according to Claim 45 wherein L is 
CR&ttm* 0 ***. C H(R66)At, NR66r67, CH(R66)OAr', Ar, or Het, 

5 in which Ar in said L group is 




10 

57. A compound according to Claim 54 wherein L is Het, in which said Het is 




58. A compound according to Claim 54 wherein L is Nr66r67. 

59. A compound according to Claim 54 wherein L is CHCR^rSOrSS 
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60. A compound according to Claim 45 which is: 



At x-Y O 




,70 



5 61. A compound according to Claim 45 which is: 




R 



»70 



62. A compound according to Claim 45 selected from the group consisting of: 



ylcarbonyl]-N-(4-phenoxyphenylsulfonyl)hydrazide; 

( 1 S)-N-[4-[ I-(N-benzyloxycarbonyl-L-leucin^ 
methylbutyl]thiazol-2-ylcart>onyl]-NX^ 

( 1 S)-N-[2-[( 1 -benzy loxycarbonylamino)-3-methyIbutyl]thiazol-4- 
15 ylcarbonyl]-N-(4-phenylphenylacetyl)hydrazide; 

( 1 S)-N-[2-[( 1 -benzy loxycarbonylamino)-3-methylbutyl]thiazoI-4- 
ylcarbonyl]-N-[3-(4-pi7idinylmethoxy)benzoyl]hydrazide; 

N-[2-(2^hlorophenoxymethyl)tMa2ol^ylcarbonyll-N-[N-(4- 
pyridinylmethoxycart>onyl)-I^leucinyl]hydrazide; 
20 N-[N^4-pyndmylmethoxyc 

4-yl)phenyl]thiazoI-4-ylcarbonylJhydrazide; 

N-[2-[3^4^hlorophenylsulfonylira^ 
[N^4-pyricUnylme^oxycarbonyl)-L-leucinyl]hydrazide; 

( 1 S,2 , RS)-N-[2-l( i-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4- 
25 ylcarix>nyl]-N , -[2 , -(4-phenylphenylacetyl)^methylpentano 



10 



( lS)-N-[2-[( l-benzyloxycarbonylamino)-3-methylbutyl]thiazol-4- 
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N-[2-(3-ben2yloxyphenyl)thiazoI-4-yIcarbonyl]-N-[N-(2- 
pyridinylmethoxycarbonyl)-L-IeucinyI]hydrazide; 

( 1 RS)-N-[2-[ 1 -(4-phenylphenyl)-3-me%lbutyl]thiazol-4-ylcarbonyI]-N , -[N- 
(4-pyridinyImethoxycarix)nyl)-L-lcucinyl]hydrazide; 
5 N-[2-(2-ben2yIoxyphenyl)lhiazol-4-yIcarbonyl]-N , -[N-(4- 
pyridinylmcthoxycarbonyl)-L-leucinyl]hydrazidc; 

N-[2-[N-methyl-NK4-pbenylphenyl)amino]^ 
pyridinyImethoxycarbonyl)-L-leucinyl]hydrazide; 
N-(N-benzyloxycarbonyI-^ 
10 ylcarbonyl]hydrazide; 

N-[2^4-phenylphenylbenzyl)thiazol^yl<^^ 
pyridinylmcthoxycarbonyl)-L-leucinyl]hydrazide; 

N-(N-benzyloxycartx)nyl-L-leucinyl)-N , -[2-[N-(2-methylpropyl)-N- 
phenylamino]thiazol-4-ylcarbonyl]hydrazide; 

N-[2-[N-(2-methylpropyl)-N-phenylamm^^ 
pyridinylmethoxycarbonyl)-Heucinyl]hydrazide; 

N-[2-(2-bcn2yloxyphcnyI)thiazoM-yIcarbonyl]-N , -[N-(3- 
pyridinylmethoxycarbonyl)-L-leucinyl]bydrazide; 

N-[2-(2-bcnzyloxyphenyJ)thiazol^ylcarbonyI]-N'-[N-(2- 
pyridinylmethoxycarbonyl)-L-leucinyl]hydra2ide; 

N-(N-benzyloxycarbonyl-N-methyl-L-leucinyl)-N , -t2«(2- 
benzyloxyphenyI)thiazol-4-ylcarbonyI]hydrazide; 

N-[2-[N-(2-methylpropyl)-N-phen^ 
pyridinylmcthoxycarbonyl)-L-lcucinyl]hydrazidc; 

N-[2-[N-(2-methylpropyl)-N-phenylaiiu^^ 
pyridinylmethoxycarbonyl)-L-leucinyl]hydrazide; and 

N-P^-methoxyphenyOlhiaTOl^ylcarbonyll-N'-fN^- 
pyridinylmethoxycarbonyl^L-leucinylJhydrazide. 

63. A pharmaceutical composition comprising a compound according to Claim 1 
and a pharmaceutical^ acceptable carrier, diluent or excipient. 
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64. A method of inhibiting a cysteine protease comprising administering to a 
patient in need thereof an effective amount of a compound according to Claim 1. 

5 65. A method according to Claim 64 wherein said cysteine protease is cathepsin 
K. 

66. A method of treating a disease characterized by bone loss comprising 
inhibiting said bone loss by administering to a patient in need thereof an effective 

10 amount of a compound according to Claim 1 . 

67. A method according to Claim 66 wherein said disease is osteoporosis. 

68. A method according to Claim 66 wherein said disease is periodontitis. 

15 

69. A method according to Claim 66 wherein said disease is gingivitis. 

70. A method of treating a disease characterized by excessive cartilage or matrix 
degradation comprising inhibiting said excessive cartilage or matrix degradation by 

20 administering to a patient in need thereof an effective amount of a compound 
according to Claim 1. 

71. A method according to Claim 70 wherein said disease is osteoarthritis. 

25 72. A method according to Claim 70 wherein said disease is rheumatoid arthritis. 
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